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Executive Summary 
I.  Today it is widely recognised that new data on the innovation processes in  industry 
are  needed  in  order  to  develop  national  and  EU  policies  aimed  at  enhancing 
technological development. Thus, within the EU and the OECD large efforts are made 
to  develop  methods  for  making  such  surveys  of innovation,  and  the  European 
Commission (DG XIII (SPRINT/ElMS) and EUROSTAT) is presently carrying out a 
large  scale  postal  innovation  survey  that  will  result  in  such  a  new  database  (the 
Community Innovation Survey). 
2.  However,  until  these  data become  available,  we  have  to rely  on  older  and  ~ore 
incomplete data sources. Thus, this report summarises the results from the first cross 
country innovation  survey  made:  The Nordic  Innovation  Survey.  This  survey  was 
performed in  1989, and was built on the experience from  surveys previously carried 
out in Italy and Germany. It can be seen as a forerunner for innovation surveys now 
being carried out in  the EU countries. The results presented here are based on 650 
questionnaires from Denmark, Iceland, Finland, Norway and Sweden. 
3.  Both regarding innovation output and innovative activities we find that aggregate data 
cover big variations over finn size and sector. There is a clear tendency that small and, 
·to  a less degree,  medium-sized firms  have achieved the best innovative results; and 
correspondingly,  it  is  apparently  small  enterprises which  have  made  the,  relatively, 
biggest  innovative  efforts.  Over  sectors  we  find  the  tendency  that  the  two  most 
research-intensive sectors have achieved the best results and that science based firms 
carry out an above-average number of  innovative projects. 
4.  At the national level  it is  difficult to see any  pattern in the differences between the 
Nordic countries. Innovative output seems to be higher in Denmark than in  Finland 
and Norway. Norwegian firms seem so spend a large share of  their innovation budget 
on R&D while Finnish firms seem to spend a large share of  their innovation budget on 
acquisition of capital-equipment connected to innovation.  However,  the similarities 
between innovative activity in the Nordic countries appear to be much more dominant. 
For example, it is  small firms  and the more research intensive sectors that have the 
largest share of innovation in their output; large enterprises conduct the majority of 
development projects, but in relative terms small enterprises carry out more projects-
than  large  enterprises  do;  R&D  is  the  major  post  on  innovation  budgets  in  all 
countries, etc. 
5.  One of  the methodological lessons learned from this analysis is that, to allow for cross 
country comparisons,  large  efforts  is  to required  to make  both  questionnaires  and 
samples as harmonized as possible in future surveys. 
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1.  Introduction 
1.1  Basis  for  the  study 
The basis for the study is finn-level databases of innovative activity in 
manufacturing industry in the five Nordic countries. The databases cover 
approximately  650  enterprises  and  they  include  information  on  both 
inputs  to  the  innovation process,  co-operation about  innovations  and 
outputs  from  the  innovation process.  It  is,  thus,  possible  to· create  a 
picture of industrial development which is more detailed than what can be 
pictured by the 'normal' indicators of technological development (R&D 
expenditure and patents). 
The  questionnaires  used  in  the  five  Nordic  countries  were  almost 
identical1 and The Nordic Innovation Survey was thus the first attempt to 
make internationally comparable data on innovation. This work has been 
continued both by OECD alone in developing and publishing a manual on 
innovation surveys in the  'Frascati manual' family2,  by EEC and OECD 
together in developing  an  internationally approved  innovation survey 
questionnaire and by EEC alone in initiating a co-ordinated innovation 
survey coverit)g several of the EEC and EFf  A countries. 
This  work  has  been  markedly  influenced  by  the  Nordic  Innovation 
Group3 (especially Keith Smith and Mikael Akerblom) which has played 
an  active  role  both  in  the  development  of the  manual  and  in  the 
development of the questionnaire. 
The  method and  the  questionnaire  in  the  Nordic  Survey built on  the 
experience from  especially the  first Italian innovation survey and the 
German  IFO  innovation  surveys4,  and  therefore  it is·  not significantly. 
1 The Finnish questionnaire is enclosed as Annex 1. Only the Swedish questionnaire 
differed somewhat from the other questionnaires. Therefore Sweden is excluded from 
some of the tables in the report. 
2 'The  Oslo  Manual'.  OECD  proposed Guidelines for Collecting  and Interpreting 
Technological Innovation Data, OECD/GD (92)26. 
3 Keith Smith and Erik Edvardsen, Norway; Mikael Akerblom, Finland; Enrico Deiaco, 
Sweden; Thorvald Finnbj0n1sson, Iceland and Arne Kristensen, Denmark. 
4  See e.g. STI  Review  No.  11  1992 for a  short presentation of these  and other 
Innovation Surveys. Innovation Structures and Performance ·  2 
different from other innovation surveys that have been conducted in other 
OECD countriess. 
The .Nordic Industrial fund gave financial support to the Nordic Survey 
and the Nordic comparisons have been published in two works from The 
Nordic  Industrial  Fund:  'Innovation  Activities  in  Nordic  Countries', 
Newsletter No. 4-1991.which gave a short presentation of the survey and 
discussed some of the main results and 'Innovation Activities in Nordic 
Countries', Information No. 3-1991  with detailed tables from Denmark, 
Finland, Norway·and Sweden. The Icelandic results have been published 
separately  in  'Innovation  Activities  in  Iceland'  from  the  National 
Research Council.of Iceland, 1992. 
Parts of the data for this report have been found in the last publications 
and parts have been produced by the different countries especially for this 
report. A presentation of the samples is included as Annex 2. 
1.2  Structure of the  report 
As indicated above this study is in three parts. The first part deals with 
the inputs in the innovation process. Here analysis covering for example 
costs  of  innovative  activity,  number  of  innovative  projects  and 
importance  of factors  inducing  and  hampering  innovation  will  be 
performed. The second part concentrates on innovation  co-operation, 
covering analysis of R&D co-operation. Finally, the third part analyses 
the outputs from  the  innovation process. This ·includes analysis of the 
share of sale and export originating from new products  and  share  of 
turnover originating form products in early phases of their life cycle. 
The  analysis  is  performed  according  to  firm  size  and  according  to 
sectors6•  Firms are divided into three size  groups:  Small firms:  0-99 
employees, medium-sized firms:  100-499 employees and large firms 500-
employees7. 
When it comes to  sectors we  use  the  so-called  'Pavitt sectors': scale 
intensive  firms,  supplier  dominated  firms,  science  based  firms  and 
s See OECD/DSTIJEAS/STP/NESTI(93)2 for a comparison of some innovation survey 
findings. 
6 A description of  the diyision of the sample into sectors is included as Annex 3. 
7 That the size group 'large fmns' stans already at 500 employees may seem strange from 
a Central-European point of  view, where many enterprises have over 10.000 employees, 
but in the Nordic region  with  only few  large firms  this  division  seems  suitable. 
Furthermore it should be noticed that the survey unit is the business unit rather than the 
finn. The size distribution of the sample is presented in Annex 2. Innovation Structures and Peiformance  3 
specialised suppliers8• The rationale behind this division of finns in the 
manufacturing  sector is  three-fold:  First, it is  based on the view that 
innovative behaviour is different in sectors rather than in branches and 
that it is  possible to  trace a  'system of innovation interaction  '9 in the 
manufacturing  sector.  Second  there  is  a  methodological  reason:  the 
samples in the five  c~untries were too small for valid branch analysis. 
And third, there is a practical reason: the analysis design gets mu~h  more 
handy if one works with four sectors rather than 10 or 15 branches. 
The analysis will, thus, basically  be descriptive, but it is the ambition in 
this  study  to  go  beyond  the  descriptive  statistics  in~p analysis  by 
discussions the results of the two background variables in combination. 
Before embarking in the analysis it is necessary to put forward a word of 
caution: This report builds on five  Nordic pilot surveys which had the 
testing of different questions about innovative processes as their primary 
purpose. This, of course, implied that the samples were chosen so they 
would include firms particularly likely to carry out innovative activities. 
Therefore the samples included an over representation of finns carrying 
out  R&D,  and  this  limits  the  statistical  significance  of the  results 
presented in· this report. Thus, the results in this report cannot be applied 
to the whole manufacturing industry but, at best, to the R&D perfonning 
manufacturing industry. 
Furthermore,  one  of the  normal  characteristics  of pilot surveys,  the 
relative  small number of units  surveyed,  was  also  employed  in  this 
project,  and  this  severely  limits  the  possibility to  put forward  valid 
statistical conclusions in this report. However, once the survey has been 
conducted, and the methodological lessons have been learned, it would be 
silly not to perfonn any analysis of the data, and this, therefore, is what 
we  propose  to  do  in  this  report  - bearing  in  mind  the  statisti~al 
weaknesses of the data. 
8 Keith Pavitt: 'Sectoral Patterns of Technical Change: Towards a Taxonomy and a 
Theory', Research Policy  No. 13, 1984. Annex· 3 has a short description of the !Pavitt 
sectors. 
9 A view partly based on the 'User-producer' approach and the 'Systems of  Innovation' 
approach (e.g. Bengt-Ake Lundvall National Systems of  Innovation. Towards a Theory 
of  Innovation and Interactive Learning, Pinter Publishers 1992). See Arne Kristensen: 
Analysis  of  Inter-industry  Innovation  at  the  System  Level,  (paper presented  at 
'Workshop on Evolutionary Economics and the Accumulation of  Knowledge', Koldk= 
1992) for a presentation of the view. Innovation Structures and  Perjo17111J11Ce  ~4 
2.  Background for  innovation activities 
In  planning public policy directed  towards  industry  and  specifically 
towards  technological  development  and  innovation  it -is  of crucial 
importance to know how firms  innovate. One important aspect of this 
'how' can be analysed by investigating which factors trigger innovation 
and, closely related, which factors hamper innovation. Such an analysis is 
included in section 2.1. In section 2.2 we delve further into 'how' by 
concentrating on e~terprise'  s innovation efforts and  anal~se the size of 
and the structure of innovation expenditure and the number of and length 
of innovative projects. 
2.1  Factors which  trigger ·and  hamper  innovation 
Inputs in the innovation process 
At the 'total-level' (Table 2.1) the most important sources10 of innovative 
ideas for all five countries are resources internal in the enterprise. These 
resources  are  Top management (between 50% and 80%  of all firms 
consider the top management important), Internal R&D· (between 50% 
and 70%), Marketing department (between 40% and 70%), Key persons 
in the enterprise (20-60%) and Production department (between 10% and 
40%). 
The next group of factors are external-, namely co-operation with other 
industrial firms. Particularly important are Co-operation with customers 
(regarded important by between 45% and 90% of the respondents). Co-
operation with other industrial firms  and  subcontractors are regarded 
important by up to 40% of the enterprises. 
'Market factors'  like ideas from Competitors products and from Fairs, 
exhibitions, etc. are rated differently for Finnish and Swedish firms on 
the one side and Danish, Icelandic and Norwegian firms on the other side. 
For Finnish and  Swedish firms  ideas  from  competitors, products  are 
important for app.  80% of the firms  whereas the figure for Denmark, 
Iceland and Norway lay between 25% and 35%11. 
10 'Important' are values 4 and 5 on a 0-5 point scale. 
11 Looking through the table one notices that the Finnish figures (and panly the Swedish 
figures) generally are higher than the figures from the other Nordic countries. In the 
survey set-up there is no observable reason for this. Innovation Structures and Performance  5 
Table  2.1  Sources of innovative  ideas.  % of  firms  rating  a factor  as 
important 
Top  Internal  R&D  Marketing  Production  Key persons 
management  department  de_Q_artment 
Denmark  62,3  55,2  41,3  12,8  57,1 
Finland  61,4  68,5  70,1  38,5  . 
Iceland  81,0  52,6  47,8  21,2  21,9 
Norway  51,3  61,9  54,2  16,1  61 ,9 
Sweden  60.3  70.3  61.0  32_~_2 
Acquired  Acquired  Subcontrac- Consultants  Other 
material  immaterial  tors  domestic 
technoloav  technoloav  firms 
Denmark  18,7  14,0  4,0  18,4  25,3 
Finland  44,9  23,2  28,7  17,6  34,9 
Iceland  12,5  7,9  26,3  7,2  10,7 
Norway  24,1  13,9  8,6  7,5  12,3 
Sweden  29,5  15,3  13,5  15,1  40,6 
Research  Universities,  Customers  Government  Competitors 
institutes  etc.  demand  contracts  oroducts 
Denmark  14,2  12,5  54,4  12,4  30,5 
Finland  12,4  23,8  88,2  5,1  81 ,8 
Iceland  5,1  2,4  46,3  6,9  34,4 
Norway  26,2  18,5  56,7  10,0  29,7 
Sweden  23,9  86,0  17,2  76,7 
Fairs and 
exhibitions 
Denmark  29,7 
Finland  37,4 
Iceland  24,0 
~orway  25,6 
Sweden  26,1 
Source: Nordic Industrial Fund 1991. Innovation Structures and Performance  6 
The  fourth  group  of factors  is  Acquirement  of technology.  This  is 
important for between 10% and 45% of the finns. 
The  last group  of factors  is  co-operation  with the  (primarily) public 
research system. This is a relatively unimportant group of factors (with a 
few  exceptions important to under 20% of the responding enterprises), 
taking  into  account that the  enterprises  surveyed are  the most R&D 
intensive in the Nordic countries. 
If we look at the sources for innovative ideas in connection with finn size 
there  are clear differences between small and large enterprises. Going 
into detail with all the 16 factors for three size groups and five countries 
is  quite impossible, however, so we  shall concentrate on a few marked 
tendencies.  Because of their size the tables for this  and  the next sub-
section have been placed in Annex 4a and 4b. 
Top management is naturally of bigger importance fo:r  small enterprises 
than for large enterprises and the R&D department is most important for 
large enterprises (small enterprises may even not have one). Ideas from 
the production department are,  generally, more important for medium-
sized and large enterprises than for small enterprises. 
Co-operation  with the public  research system  is  also generally more 
important for large ·enterprises,  while  co-operation with customers  is 
more important for small and medium-sized enterprises than for large 
enterprises. Also fairs, etc. are more important for small enterprises, but 
for  'revers~ engineering'  (labelled 'Competitors products') there is  no 
such tendency. 
Turning to sources of innovative ideas distributed on sectors (Annex 4b) 
it is difficult to see any clear picture over all five countries. Therefore, in 
the following discussion, we present only some general tende~cies. 
The Top management is  particularly important for supplier dominated 
and for science based firms. Internal R&D is important to science based 
finns, and to a lesser degree to supplier dominated firms, and almost the 
same applies for ideas from the Marketing department. Acquired material 
technology is most important for supplier dominated firms while Immate-
rial technology is equally important for supplier dominated finns and for 
science based firms. 
Co-operation with universities, etc. (and, to a lesser degree, Co-operation 
with research institutes) is  specially important for science based finns. 
Reverse engineering (Competitors products) is of special importance for 
supplier dominated firms. · Innovation Structures and Performance 
Barriers to innovation 
7 
Table  2.2  shows  that  two  economical  factors  are  severe  barriers  to 
innovative projects:  Excessive risks  (serious barrier to  innovation for 
between 45% and 60% of the firms (except for Iceland)) and Lack of risk 
capital which  is  an  important barrier to  innovation for 35-45% of the 
respondents - except for Swedish respondents. (only 20%). As shown in 
Annex Sa  the low Swedish figure  is  due to  very low figures for large 
enterprises  (5%)  and  medium  sized  enterprises  (15%).  Also  internal 
factors  like Lack of qualified personnel (20-45%) and Low quality of 
own  R&D  (important  especially  for  Finnish  enterprises  (45%))  and 
Internal opposition to change seems to hamper innovation to some degree. 
Insufficient  market  research  is  also  a  major  barrier  to  innovation 
(important for 25% to 55% of the enterprises). A range of other factors 
in Table 2.2 are relatively less important. 
Table 2.2 Factors hampering innovation.  % of  firms rating a factor as 
important 
Excessive  Lack of  risk  Low  quality  Lack Qf  Insufficient 
risk  capital  on  internal  qualified  market 
R&D  personnel  research 
Denmark  58,8  35,9  25,8  34,8  37,7 
Finland  51,2  35,1  44,6  46,4  36,0 
- -
Iceland  17,7  43,1  17,6  20,5  58,3 
Norway  51'  7  38,1  10,3  32,3  27,0 
Sweden  46.8  22.4  27.1  27_~4  . 
Internal  Lack of co- Lack  of  in- Innovations  Legal  ' 
opposition  to  operation  formation  on  too easy to  regulations 
change  possibilities  university  copy 
research 
Denmark  21 ,9  16,5  9,8  9,6  8,8 
Finland  27'  1  14'  1  30,3  33,9  23,3 
Iceland  5,9  21 ,5  19,0  18,5  10,8 
Norway  1 0,6  11 ,2  15,0  14,7  9,4 
Sweden  1.1 ,0  13,0  21,9  22,6 
Source: Nordic Industrial Fund 1991. 
Analysis of size and sector distribution of hampering factors give a rather 
blurred a picture. Therefore the discussion will be kept short and  the 
tables have been placed in Annex Sa and 5b. Innovation Structures and Performance  8 
It is primarily large enterprises that believe that the risks associated with 
innovative projects often is  to  high compared to  the  expected returns 
from  the  innovation.  However,  as  discussed below (section 2.2), it is 
primarily large enterprises that carry out 'major' innovation projects, and 
therefore this trend could be expected. When it comes to the availability 
of risk capital it is, as_ expected, small enterprises which face the largest 
difficulties.  It  is  also  primarily  small  enterprises  which  experience 
problems with the quality of their R&D and the qualifications of their 
employees. 
In general, it is primarily small enterprises that experience the barriers to 
innovative activity surveyed in this project. 
In Denmark, Finland and Sweden it is clearly science based firms that see 
excessive risk as a serious hampering factor, but this is  not the case in 
Norway  and  Iceland;  there  primarily  supplier  dominated  firms  and 
specialised suppliers see this factor as a problemt2. When it comes to lack 
of qualified personnel the tendencies are similar. 
2.2  Innovative  efforts 
Distribution of  innovation expenditure 
When we  look at the size of and the structure of the amount spent on 
innovation we see rather large variations within the- Nordic region. If we 
look at totals for the five countries (Table 2.3) we see that whereas R&D 
accounts  for  two  thirds  of innovation expenditure in Norway  it only 
accounts for 40  per cent in Finland. The other countries lay between 
these extremes. Furthermore we see that acquisition of capital equipment 
connected to process innovation account for 2112 to 4 times as much in 
Finland as  in the  other countries. Below we  shall show that  we  caQ. 
account for most of the  difference concerning the outstanding Finnish 
figures  whereas  we  cannot  discover  the  background  for  the  high 
Norwegian figures in R&D. 
12 One should notice, however, that the number of enterprises in the supplier dominated 
sector is very low in Norway and that Iceland has a rather small total sample (cf. the table 
with the sample in Annex 2). Therefore these results are particularly uncertain. ·. 
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Table 2.3 Distribution of  innovation expenditure 
R&D  Patents, etc.  lmplemen- Marketing  Production 
expenditure  tat  ion  eauipment 
Denmark  51,3 .  5,3  13,5  13  '1  16,6 
Finland  39,8  5,3  6,5  4,5  43,9 
Iceland  54,2  4,1  12,6  12,3  17,3 
Norway  67,5  2,4  9,6  9,8  10,4 
Sweden  58,7  '5,9  12,1  6,0  17'  1 
Source: Nordic Industrial Fund 1991. 
If we decompose the figures and look, frrst, at size distribution in relation 
to innovation expenditure (Table 2.4) it turns out that it is medium-sized 
and  small  enterprises  that  spend  the  largest· share  of  innovative 
expenditure on R&D. Besides this rather vague tendency, looking at all 
five Nordic countries, there does not seem to be unambiguous connections 
between finn size and distribution of innovation expenditure. 
Table 2.4 Innovation expenditure distributed on firm size 
R&D  Patents, etc.  lmplemen- Marketing  Production 
expenditure  tation  equipment 
Denmark 
Small  51,2  8,0  16,6  12,4  14,1 
Medium  60,6  5,0  9.0  9,9  15,5 
Large  46,5  4,6  15,3  15,3  18,1 
Total  51,3  5,3  13,5  13,1  16,6 
Finland 
Small  31,8  20.0  7,6  6,3  34,7 
Medium  45,3  7,7  6,7  6,1  34 
Large  39,3  3,7  6,3  3,9  46,7 
I 
Total  39,8  5,3  6,5  4,5  43,9 
Iceland 
Small  46,1  8,4  15,2  16,0  14 
Medium  58,8  0,4  5,5  1,4  33,9 
Large  . 
Totai  54.2  4 '1  12.6  12.3  17.3 
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Norway 
Small  72,2  1,2  6,4  11,3  '8,9 
Medium  67,8  2,8  9,7  10,9  8,4 
Large  65,9  2,7  10,6  8,8  11,8 
Total  67,5  2,4  9,6  9,8  10,4 
Sweden 
Small  61,7  5,9  15,9  7,9  8,6 
Medium  50,6  2,3  11 ,2  9,9  26,0 
Large  58,9  6,1  12,3  5,8  16,9 
Total  58,7  5,9  12,1  6.0  17,1 
Source: Nordic Industrial Fund 1991. 
Concerning sector distribution we.· see that in all countries except Iceland, 
it is science based enterprises that have the largest share of R&D in inno-
vation expenditure. Furthennore specialised suppliers have a relatively 
big share of R&D. This is not surprising since these sectors are the most 
R&D intensive of the four sectors. 
When it comes to other innovation expenditures 'Acquisition of capital 
equipment' clearly has a large proportion of innovation expenditure in 
scale intensive enterprises, especially in Denmark and Finland. This is 
hardly surprising since this sector primarily competes on economics of 
scale and therefore must be  at the edge of development in production 
processes. This sector distribution is the reason for large figures in the 
Finnish sample hinted to above: Large scale intensive enterprises in Paper 
and  pulp  industry  bias  the  Finnish  figures  towards  acquisition  of 
production equipment  13. 
i3 Arne Kristensen 'lnnovationsaktiviteter ide nordiske Iande' in Nordic Industrial Fund 
(ed.):· Vitenskaps og  teknologiindikatorer for Norden, Oslo 1992. Innovation Structures and Performance  11 
Table 2.5 Innovation expenditure distributed on sectors 
R&D  Patents, etc.  lmplemen- Marketing  Production 
expenditure  tat  ion  equipment 
Denmark 
Scale intens.  33,7  8,6  11,3  9,1  37,1 
Supp. domin.  48,4  8,8  6,1  6,9  29,6 
Science based  67,8  3,5  7,7  8,3  12,5 
Spec. supplier  54,6  4,3  16,4  16,0  8,5 
Finland 
Scale intens.  42,8  3,4  5,3  3,7  44,6 
Supp. domin.  33,1  15,3  8,0  9,7  33,7 
Science based  74,1  5,5  4,0  4,2  12,1 
Spec.  supplier  56  10,6  9,0  4,9  19,3 
Norway 
Scale intens.  65,9  65,9  1,5  7,8  7,3 
Supp. domin.  40,7  40,7  0,0  19,9  7,4' 
Science based  68,3  68,3  2,6  10,4  10,2 
Spec. supplier  59,8  59,8  3,6  12,7  12,7 
Iceland  -
Scale intens.  44,5  5,1  21,2  12,9  16,2 
Supp. domin.  44,7  0,1  .  23,3  21,6  10,5 
Science based  45,7  2,8  11 ,9  23,6  16,1 
Spec. supplier  .  .  .  . 
Sweden 
Scale intens.  46,8  10,3  25,3  5,8  11,2 
Supp.  domin.  61,2  0,0  6,2  9,4  23,2 
Science based  67,1  2,6  4,3  4,0  21,6 
Spec. supplier  54,5  6,8  5,3  17,7  11,7 
Source: Arne Kristensen Innovation Structures and Performance 
Number of  innovative projects14 
12 
When we tum to the number of and the length of innovative projectsts 
(Table 2.6) the picture seems  rather siniilar in Denmark, Finland and 
Norway,  whereas  Icelandic  enterprises  have  considerably  fewer 
innovative projects.  In the  three  countries  approximately half of the 
projects run for less than one year and only 4 to 5 per cent run for more 
than five years. 
Table 2.6 Number of  innovative projects 
Under 1 year  1-5  years  Over 5 years 
Denmark  5,1  4,1  0,4 
Finland  5,4  4,6  0,4 
Norway  4,0  4,2  0,3 
Iceland  •  1 ,0  1 ,5  0,2 
*Time periods for Iceland are 0-1 year, 1-3 years and over 3 years. 
Source: Nordic Industrial Fund 1991. 
Total 
9,6 
10,4 
8,5 
2,7 
The similarities between the countries are repeated - this time including 
Iceland  ..  in the distribution of innovation projects on finn size: In all 
countries large firms  carry out the vast majority of projects (see Table 
2.7) and medium-sized firms carry out more projects. than small finns. 
Table 2.7 Number of  innovative projects distributed on firm size 
Under 1 year  1-5  years  Over 5 years  Total 
Denmark 
Small  2,9  '  2,1  0,0  5,0 
Medium  4'  1  3,0  0,1  7,2 
Large  5,2  11 '1  2,3  18,6 
Total  5,1  4,1  0·,4  9.6 
Continued 
14 Figures not available for Sweden. 
15  Defined as projects involving R&D. This definition is clearly unsatisfactory in a 
broader context, as innovations need not include· any R&D. They may be based on 
learning (by using, by doing, by interacting, etc.) in the fmn. Innovation Srrucnues and Performance 
Finland 
Small  1,3  1 ,1  0,2 
Medium  3,2  1 •  1  0,1 
Large  14,2  2,9  0,1 
Total  5,4  4,6  0,4 
Norway 
Small  2'  1  2,1  0,2 
Medium  4,1  2,8  0,3 
Large  8,7  5,5  0,7 
Total  4,0  4,2  0,3 
Iceland* 
Small  0,6  1 '7  0,3 
Medium  3,4  1,9  0,0 
Large  .  .  . 
Total  1,0  1 ,5  0,2 
*Time periods for Iceland are 0-1 year, 1-3 yem and over 3 years. 
Source: Nordic Industrial Fund 1991. 
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2,5 
6,2 
27,5 
10,4 
4,4 
7,2 
14,9 
8,5 ' 
2,6 
5,3 
. 
2,7 
This is hardly surprising, but elsewhere we have shown that in Denmark, 
Finland and Norway, small finns carry out more innovation projects than 
large firms relative to their size (Table 2.8). Although these figures are 
biased towards small firms since the majority of medium-term and long 
projects (and hence presumably the more 'radical' projects) are carried 
out by large and medium-sized firms, the tendency seems surprisingly 
·marked. 
Table 2.8  Number of  innovative project per employee. 
Distributed on firm size. 
Small  Medium  La rae 
Denmark  0,084  0,031  0,011 
Finland  0,175  0,030  0,020 
Norwav  0.139  0,036  0,014 
Source: Arne Kristensen: 'Innovationsaktiviteter ide nordiske Iande' in Nordic Industrial 
Fund (ed.): Vitenskaps og  teknologiindikatorer for Norden, Oslo 1992. 
When we  look at sector distribution of innovative projects it turns out 
that science based firms  carry out a relatively high share of projects -Innovation Structures and Performance  14 
especially mediwn-termed and long projects (see Table 2.9). This is also. 
hardly surprising since these enterprises to a large extend are dependent 
on developing new products and processes in a very rapidly changing 
technology. 
However, also scale intensive firms carry out many innovative projects 
(primarily projects  with a time  horizon less  than  one  year).  This  can 
probably be ascribed to two circumstances. First that this sector includes 
a high proportion of large enterprises with many projects, and  second 
that these finns are rather active in developing process innovations. 
Table 2.9 Number of  innovative projects distributed on sectors 
Under 1 year  1-5  years  Over 5 years  Total 
'  Denmark 
-
Scale intens.  5,8  4,4  0,2  10,4 
Supp. domin.  3,9  1 '7  0,0  5,6 
Science based  8,7  3,8  0,9  13,4 
Spec.  supplier  2,4  4,3  0,3  7,0 
Finland 
Scale intens.  7,0  5,8  0,5  13,3 
Supp. domin.  5,0  2,5  0 '1  7,6 
Science based  4,0  5,7  0,9  10,6 
Spec.  supplier  3,2  3,0  0 t 1  6,3 
Norway 
Scale intens.  7,0  3,8  0,2  11 ,0 
Supp. domin.  0,6  0,4  0,0  1 ,0 
Science based  2,0  4,7  0,6  7,3 
Spec.  supplier  2,5  3,1  0,2  5,8 
Iceland  * 
Scale intens.  0,5  2,2  0,4  3,1 
Supp. domin.  3,0  0,3  0,1  3,4  . 
Science based  0,8  3,6  0,3  4,7 
Spec.  suJ)plier  .  . 
,*Time periods for Iceland are 0-1 year, 1-3 years and over 3 years. 
Source: Arne Kristensen Innovation Srrucnues and Performance  15 
The sector with least innovativ·e  projects is  supplier dominated finns, 
. which,  according  to  the  underlying  theory,  are  dependent  on  their 
suppliers in developing innovations Innovation Structures and Performance  16 
3.  Innovation co-operation 
In a world of rapidly changing technologies innovation co-operation gets 
increasingly important,  as  shown by e.g.  Chris Freeman in Research 
Policy  in  1991  (Vol.  20 No.  6.). Freeman distinguishes between ten 
different types of innovation co-operation (or networks).: 
1. Joint ventures and research corporations 
2. Joint R&D agreements 
3. Technology exchange agreements 
4. Direct investtrient motivated by technology factors 
5. Licensing and second souring agreements 
6. Subcontracting, production sharing 
7. Research associations 
8. Government-sponsored joint research programmes 
9. Computerised data banks for technical and scientific interchange 
10. Other networks, including infonnal networks. 
This  section  deals  with  point  1  and 2  on  this  list,  i.e.  research co-
operation and joint R&D arrangements. These two are, also according to 
'Freeman (1991, Table 2), the two most important forms for innovation 
co.operation in high-technology areas, and it is  therefore  relevant to 
concentrate on these two. 
We perform the analysis both according to region of co-operation partner 
and according to co-operation type of co-operation partner. 
3.1  Innovation  co-operation  according  to  region 
The Swedish figures  on  geographical  distribution  of innovation  co-
operation cannot be  directly compared with the figures fonn the other 
countries be,cause the Swedish questionnaire included co-operation with 
suppliers, international research programmes and small R&D intensive 
firms in this question. This, naturally, increases the Swedish figures once 
they are aggregated over co-operation partners. Therefore they will not 
be· commented upon here. 
Generally the figures for Iceland lay far below the figures for the other 
Nordic countries (see Table 3.1). This is probably to some extend due to 
Iceland's geographic location.  Although the importance of electronic 
communication  (fax,  E-mail,  etc.)  is  growing  rapidly,  geographic 
proximity is still of vital importance for innovation co-operation  16. This 
does  not explain, however, why  domestic co-operation is  so  weak in 
16 See e.g. Bengt-Ake Lundvall (footnote 9) for an elaboration of this point. • 
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Iceland,  but there  is  no  clear indications  about this  in  the  material 
presented here. Denmark also has a somewhat lower percentage of finns 
that co-operate' with other Danish finns, but this is almost compensated 
for by a  more active international co-operation (the  share of non co-
operating firms is only circa 5 %- points under Finland and Norway)  . 
For all countries domestic co-operation is, barely surprising, much more 
.  important than international co-operation (65-80% in relation to 5-50%). 
Denmark is, also hardly surprising, taking into account that the year is 
1988, more oriented towards co-operation with other EEC countries than 
Finland, Iceland and Norway. It is a bit more surprising that Denmark 
also is more oriented towards co-operation with USA and Japan than the 
other Nordic countries. 
Table 3.1  Innovation co-operation distributed on region. %of  firms that 
co-operate 
No co- cmn  Other  EEC  lSA  Japan  Other 
operation  country  Nordic  except  countries 
countries  Denmark 
Denmark  25,6  65,4  28,0  47,7  20,4  10,2  4,9 
Finland  17'  1  79,7  21,9  23,6  12,1  5,1  5,9 
Sweden •  5,0  84,5  36,6  51,4  30,0  13,1  9,3 
No co- ONn  Other  EEC  Other•• 
operation  country  Nordic  except  countries 
countries  Denmark 
Norway  20,9  72,8  36,8  30,4  23,8 
Iceland  47,0  24,0  17,7  5,7  5,7 
* Swedish figures are not directly comparable (d. p. 16). ** Including Japan and USA. 
Source: Nordic Industrial Fund 1991 
When we tum to the size distribution of co-operating firms (Table 3.2) it 
is, as expected, clearly large enterprises that are most involved in co-
operation (between 93% and 99% in domestic co-operation opposed to 
55-70% for small enterprises). This tendency holds for co-operation with 
all regions, and it even gets more profound when we tum to international 
co-operation (see e.g. co-operation with USA in Denmark and Finland)._ 
The sectoral distribution of innovation co-operation (see Table 3.3) shows 
less clear tendencies. Generally, scale intensive firms are the most active 
in domestic co-operation while science based finns are more interna-
tionally oriented in their choice of co-operation partners. Supplier domi-
nated firms and specialised suppliers are less collaborative and primarily 
domestic oriented. Innovation Structures and Performance  18 
Table 3.2 Innovation co-operation distributed on size and region.  % of 
firms that co-operate 
Own  Other Nord.  EECexcept  ~  Japan  Other 
country  countries  Denmark  countries 
Denmark 
Small  54,9  23,1  40,5  9,0  4,6  1,5 
Medium  77,0  27,6  50,6  34,5  10,3  8,0 
Large  97,3  56,8  81 '1  51 ,4  29,7  16,2 
Total  65,4  28,0  47,7  20,4  10,2  4,9 
Finland 
Small  65,1  10,5  3,8  3,9  0,0  1,5 
Medium  85,3  24,5  31 ,4  10,9  4,7  3,6 
Large  98,5  47,0  54,6  32,8  14,9  19,4 
Total  79,7  21,9  23,6  12,1  5'  1  5,9 
Sweden  • 
Small  85,7  14,3  28,6  9,5  14,2  4,8 
Medium  81 ,3  30,2  48,8  27,9  7,0  7,0 
Large  91,7  50,0  77,7  52,8  27,8  19,4 
Total  84.5  36,6  51,4  30.0  13.1  9.3 
ONn  Other Nord.  EECexcept  Other  •• 
country  countries  Denmark  countries 
Norwav 
Small  70,2  32,5·  27,7  16,0 
Medium  66,9  38,4  35,5  22,9 
Large  93,1  45,3  26,8  47,9 
Total  72,8  36,8  3Q,4  23,8 
.. 
Iceland 
Small  22,9  22,9  11,4  11,4 
Medium  25,0  12,5  0,0  0,0 
Large  .  .  .  . 
Total  24.0  17.7  5.7  5__.7 
*·Swedish figures are not directly comparable (cf. p. 16). •• Including Japan and USA 
Source: Nordic Industrial Fund 1991 I  nnovarion Structures and Performance  19 
Table 33 Innovation co-operation distributed on sector and region. %of 
firms that co-operate 
OM1  Other  EEC outside  USA  Japan  Other 
country  Nordic  Denmark  countries 
countries 
Denmark 
Scale intens.  83,2  40,5  50,7  3-1,1  13,4  9,5 
Supp. domin.  77,9  36,8  44,2  0,0  1 ,2  0,0 
Science based  77,4  32,3  60,7  19,8  10,2  5,2 
Spec.  supplier  47,9  18,8  37,4  17,9  8,9  3'  1 
Finland 
Scale intens.  81 ,5  24,0  25,0  11 ,2  2,3  5,2 
Supp. domin.  75,0  16,3  13,9  2,3  6,9  0,0 
Science based  79,3  24,9  37,3  18,8  15,8  15,4 
Spec.  supplier  78,6  19,5  21,0  16,1  5,7  6,6 
Sweden  • 
Scale intens.  84,9  38,6  54,8  26,8  16,2  8,4 
Supp. domin.  100,0  37  .o  37  .o  0,0  0,0  0,0 
Science based  83,7  29,5  59,5  49,5  16,4  9,6 
Soec.  suoolier  81.9  25.7  44.7  27,6  9,7  12,1 
OM1  Other  EECoutside  Other  •• 
country  Nordic  Denmark  countries 
countries 
Norway 
Scale intens.  80,6  37,3  22,5  23,2 
Supp. domin.  61 ,9  0,0  0,0  16,6 
Science based  65,7  45,2  42,7  17,3 
Spec.  supplier  68,8  27,9  22,6  26,8 
Iceland 
Scale intens.  21,7  13,0  4,3  4,3 
Supp. domin.  37,5  12,5  12,5  12,5 
Science based  16,7  41,7  16,7  25 
Soec.- suoolier  .  .  . 
*,Swedish figures are not directly comparable (cf. p. 16). **Including Japan and USA 
Source: Arne Kristensen lnno.vation Structures and ferformance  20 
3.2  Innovation  co-operation  according  to  type  of partner 
Except for Iceland, which has much lower co-operation figures than the 
other  Nordic  countries,  there  is  relatively  little  variation  in  the 
importance of different co-operation partners (Table 3.4). For Denmark, 
Finland  and  Norway  other  industrial  firms,  consulting  firms  and 
Research institutes seem to  slightly more important than co-operation 
with  units  inside  the  same  concern  (there  may  not  be  one  for  all 
respondents and therefore it can be much more important for the finns in 
a concemt7)  and Universities, etc. This is not the case for Sweden. One 
should notice here, that different institutional set-ups of the private and 
public research system can influence the distribution of co-operation with 
the last three columns  cruci~llyts. 
Table  3.4 Innovation co-operation distributed on  partner.  % of  firms 
that co-operate  · 
Units  inside  Other  Consulting  Research  Universities 
concern  industrial  firms  institutes  etc. 
firms 
Denmark  32,6  51,6  41,6  34,1  34,5 
Finland  33,2  40,3  49,2  44,9  34,4 
Iceland  0,0  17,2  5., 7  18,3  2,9 
Norway  38,2  47,9  28,5  52,1  33,6 
Sweden  54.5  51.0  46_.7  38,3  46,0 
Source: Nordic Industrial Fund 1991 
In Table 3.5 the figures for innovation co-operation by partner have been 
distributed on firm  size.  As  expected we  see the  same tendency as  in 
Table 3.3: Large enterprises are more involved in co-operation .with all 
partners  than  medium-sized  enterprises,  which  in  tum are  more  co-
operative than small enterprises. This, still, does not apply for Iceland. 
17  In the data available for this repon it is not possible to discriminate between 
independent fmns and ftrms in a concern. The information was, however, collected for 
all countries, so it would be possible to go more thoroughly into this question. 
18 In Denmark, e.g., the technological service system is included in 'Consulting ftmls' 
while in Norway all of the  technological service system is included in  'Research 
Institutes'. This is due to different institutional set-ups of the Danish and the Norwegian 
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Table  3.5 Innovation co-operation distributed on size and partner. %of 
firms that co-operate 
Units  inside  Other  firms  Consulting  Research  Universities 
concern·  firms  institutes  etc. 
Denmark 
Small  19,2  44,8  30,8  29,5  25,1 
Medium  50,6  55,2  60,9  35,6  40,2 
Large  64,9  81 '1  56,8  56,8  73,0 
Total  32,6  51,6  41 ,6  34,1  34,5 
Finland 
Small  17 .o  22,7  44,1  31,6  11 '9 
Medium  38,7  39,9  49,0  42,6  41 ,1 
Large  66,5  76,1  68,8  80,5  67'  1 
Total  33,2  40,3  49,2  44,9  34,4 
Iceland 
Small  0,0  34,3  11,0  14,3  5,7 
Medium  0,0  0,0  0,0  22,2  0,0 
Large  0  0  0  0  - -
Total  0,0  17,2  5,7  18,3  2,9 
Norwav 
Small  19,3  48,7  25,1  47,6  28,3 
Medium  48,4  39,6  24,6  45,2  34,6 
Large  69,4  63,7  46,8  80,0  46,2 
Total  38,2  47,9  28,5  52,1  33,6 
Sweden 
Small  14,3  38,1  38,1  9,5  38,1 
Medium  55,8  46,5  46,5  34,9  39,5 
Large  86,1  77,7  52,7  72,2  69,4 
Total  54,5  51.0  46,7  38,3  46.0 
·Source: Nordic Industrial Fund 1991 
Turning to the sectoral distribution of Table 3.4 it is  difficult to  s~e a 
clear picture. Nevertheless, a few tendencies can be extracted from Table 
3.6: The firms  that most often co-operate with industrial firms  outside Innovation Structures and Performance  22 
their concern and with universities are science based firms; the firms that 
primarily work together with consulting firms  are scale intensive firms 
and supplier dominated firms (except for Norway- see footnote 18). 
Table  3.6 Innovation co-operation distributed on sector and partner. % 
of  firms that co-operate 
Units  inside  Other  firms  Consulting  Research  Universities 
concern  firms  institutes  etc. 
Denmark 
Scale intens.  56,3  53,8  57,9  41,2  44,3 
Supp. domin.  58,9  51,5  63,2  22,1  22,1 
Science based  30,1  63,1  42,5  47,6  54,7 
Spec.  supplier  21,8  42,5  32,0  22,5  16,7 
Finland 
Scale intens.  4,6  20,8  49,4  30,2  11 ,5 
Supp. domin.  36,8  43,7  59,3  50,0  32,3 
Science based  37,3  56,3  36,8  45,2  46,5 
Spec.  supplier  38,4  37,5  34,8  42,1  44,7 
Icel-and 
Scale intens.  •  0,0  - 12,5  2,0  37,5  0,0 
Supp. domin.  0,0  13,0  4,3  13,0  0,0 
Science based  0,0  66,7  16,7  8,3  16,7 
Spec.  supplier  .  .  .  . 
Norway 
Scale intens.  48,9  11 ,3  38,7  34,1  38,1 
Supp. domin.  16,6  54,2 I  16,6  61 ,9  0,0 
Science based  35,1  41,0  13,4  29,8  41 ,5 
Spec.  supplier  37'  1  32,7  28,0  36,0  2·5,5 
Sweden 
Scale intens.  60,6  53,9  51,3  44,5  39,0 
Supp. domin.  74,0  100,0  37,0  37,0  0,0 
Science based  49,5  61 ,0  49,0  26,0  55,4 
Soec.  suoolier  47.6  39.7  42.5  38.0  54,6 
Source: Arne Kristensen Innovation Structures and Performance  23 
4.  Results  of innovative  activity19 
Measuring results from innovative activity is not an easy task (cf. e.g. the 
work done over several years in OECD and EEC on output- indicators). 
Even so, it is one of the central issues in innovation surveys to try to get a 
grip on innovation outputs, since the 'nonnal' measures of technological 
development (R&D and patenting statistics) only give indirect and partial 
results. 
In the Nordic Innovation Survey four innovation output indicators were 
included: proportion of sale and export accounted for by new products, 
share of turnover in introduction and growth20  and proportion of new 
products. Since the last indicator was different from country to country 
we shall only here report on the three first indicators. 
4.1  Proportion of sale  and export from  new  products 
The shares  of sale and export accounted for by new products  varies 
considerably among the five Nordic countries in question; from 16% and 
19% in Norway to 38% and 43% in Iceland. The distance between these 
two 'outlayers' can partly be explained from Table 4.2 and Table 4.3: In 
Iceland medium-sized (and science-based) finns have a very high share of 
new products, and in Norway, the very dominant resource based scale 
intensive sector has a very low share of new products. Whether these 
results are the consequence of biased sampling or whether they are 'real' 
is  difficult  to  say,  so  therefore  one  should  probably  not  draw  to 
categorical conclusions. 
Table 4.1 Proportion of  sale and export accounted 
for by new products. % 
Sale  Export 
Denmark  30,0  32,3 
Finland  22,6  23,0 
Norway  18,8  16,4 
Iceland  37.6  43 4 
Source: Nordic Industrial Fund 1991 
19 Figures not available for Sweden. 
20 Even though the question about life cycle originally was included to give background 
infonnation for questions about innovative strategies, it has proven to be an adequate 
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However, leaving Norway and Iceland out of account, differences in the 
figures  still go  from  Finnish 23%  to Danish 30% and 32%, and these 
, differences, as  can be seen from Table 4.2 and 4.3, go through all size 
groups and all sectors. Hence it seems proper to suggest that innovation 
output has been higher in Denmark than in Finland (and Norway). 
Going a bit more into detail about size distribution and innovative results 
(Table 4.2), we see that small firms  in Denmark, Finland and Norway 
have  a  considerably  higher  share  of new  products.  Since  newly 
established firms  are  not  included  in the  samples  this  is  not due  to 
'newstarters  '.  As  this  picture  is  repeated  in  Table  4.5  for  an  other 
indicator it seems valid. And this result could be expected as large firms 
often have so-called 'milking cows' in old established and well-known 
products, wher~as this more seldom is the case for smaller firms. 
In Iceland the tendency is, surprisingly, the opposite: medium-sized finns 
have a much higher share of new products than small enterprises have. 
Table 4.2 Proportion of  sale and export accounted 
for by ~ew  products. Distributed on firm size. % 
Sale  Export 
Denmark 
Small  50,3  50,2 
·Medium  30,9  41,6 
Large  27,5  25,8 
Total  30,0  32,3 
Finland 
Small  32,5  39,5 
Medium  28,5  29,8 
Large  20,6  21 ,9 
Total  22,6  23,0 
Norway 
Small  39,9  42,7 
Medium  19,3  24,6 
Large  17,6  13,2 
Total  18,8  16,4 
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Iceland 
Small  11 ,0  5,9 
Medium  45,1  47,8 
Large  .  . 
Total  37.6  43.4 
SolD'Ce: Nordic Industrial Fund 1991 
-. 
When we  look at the  sectoral distribution of these results  (Table 4.3) 
there is  a tendency that science based firms have a high share of new 
products, whereas the more traditional oriented scale based firms have 
the lowest share of new products. This is confirmed by the length of the 
life-cycle for different product types (also queried in the survey) which is 
much shorter for product form the science based sector than - especially -
products from the scale intensive sector. 
Table 4.3 Proportion of  sale and export accounted 
for by new products. Distributed on sectors. % 
Sale  Export 
Den.mark 
Scale intens.  24,0  16,0 
-
Supp. domin.  43,2  42,5 
Science based  49,2  61.7 
Spec.  supplier  34,1  34,5 
Finland 
Scale intens.  18,5  19,5 
Supp. domin.  33,2  28,4 
Science based  41 '7  49,6 
Spec.  supplier  35,7  33,2 
Norway 
Scale intens.  10,7  10,3 
Supp. domin.  34,3  57  .o 
Science based  47,4  39,3 
Soec.  suoolier  24  .. 5  24,5 
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lcel.and 
Scale intens.  38,7  26,8 
Supp. domin.  55,7  53,8 
Science based  83,8"  .  57,9 
Spec.  supplier  . 
Source: Arne Kristensen 
4.2  Life  cycle  distribution- of turnover 
In the Nordic Innovation Survey the question on product's life cycle was 
asked at the product level21 and this has two major advantages. 
1First, it is 
methodologically and theoretically more correct to ask this question on 
products rather than on finns total sales. Second, since the respondents 
have ·provided infonnation for,  on  average, 2,2 products it more  than 
doubles the sample and consequently provides more valid results. 
,  The aggregate results from this question (Table 4.5) generally show the 
same pattern as  the previous question: Icelandic finns have a very big 
share of products in  the  introduction and the growth phase,  whereas 
Norway has  a relative small share in the early phases of product's life 
cycle. Denmark has a slightly higher share in early product phases than 
Finland has.  ·  , 
Table 4.4 Distribution of  sales across product's life cycle.% 
Introduction  Growth  Stagnation  Decline 
Denmark  6.,5  38,7  46,9  7,9 
Finland  5,9  35,9  49,4  8,8 
Norway  6_,0  26,8  57,3  10,0 
Iceland  23,8  28,7  36.3  ·11,2 
Source: Nordic Industrial Fund 1991 
Size distribution of this question (Table 4.4) also shows the same pattern 
as  did  the  fonner analysis  (Table 4.2):  Small finns  have  introduced 
considerably more new products (measured on turnover) than medium-
sized and large finns have.  · 
21  Cf. Annex 1 questions 1.1 and 1.5. Innovation Structures and Performance  27 
Table 4.5 Distribution of  sales across product's life cycle. Distributed on 
firm size. % 
Introduction  Growth  Stagnation  Decline 
Denmark 
Small  9,7  57,5  27,7  4,5 
Medium  6,0  37,0  49,9  7,1 
Large  6,3  37,5  47,7  8,5 
Total  6,5  38,7  46,9  7,9 
Finland 
Small  7,8  40,6  46,2  5,5 
Medium  3,9  25,7  62,1  8,3 
Large  6,3  38,3  46,3  9,1 
Total  5,9  35,9  49,4  8,8 
Norway 
Small  20,8  30,7  35,5  13 
Medium  7,2  29,9  53,6  9,2 
Large  4,4  25,2  60,3  10,1 
Total  6,0  26,8  57,3  1 0,0 
Iceland 
Small  27,6  27,3  33,3  11 ,8 
Medium  7,0  34,6  49,6  8,8 
Large  .  .  .  . 
Total  23,8  28,7  36,3  11_~_2 
Source: Nordic Industrial Fund 1991 
Turning to life cycle distribution on sectors the picture from Table 4.3 is 
not repeated. In Table 4.6 specialised suppliers have the largest share of 
turnover in the products' early phases and science based finns have a 
considerably  lower  share.  At  first  sight  this  result  seems  to  be  in 
contradiction with the conclusions tq ·Table· 4.3, but the length of the life 
cycle is not necessarily positively correlated with the share of products in 
its early phases - one could almost expect it to be the other way round 
since it is difficult to renew the product assortment as fast as necessary. Innovation Structures and Performance  28 
Table 4.6 Distribution of  sales across product's life cycle. Distributed on 
sectors.% 
Introduction  Growth  Stagnation  Decline 
Denmark 
Scale intens.  4,8  36,2  49,8  9,2 
Supp. domin.  7,8  32,2  45,7  14,3 
Science based  7,3  33,8  47,0  11 ,8 
Spec.  supplier  10,5  48,0  30,5  1 0,9 
Finland 
Scale intens.  4,5  35,0  52,4  8,1 
Supp. domin.  7,5  47,3  33,3  12,0 
Science based  3,9  41 '7  50,2  4,2 
Spec.  supplier  14,0  35,8  37,3  12,9 
Norway 
Scale intens.  5,5  28,4  58,2  7,9 
Supp. domin.  6,0  15,8  29,7  48,5 
Science based  4,3  15,0  65,3  15,4 
Spec.  supplier  8,0  23,2  58,3  10,4 
Iceland 
Scale intens.  16,5  28,8  38,5  16,2 
Supp. domin.  26,6  18,9  44,5  10,0 
Science based  35,8  35,0  26,7  2,5 
Spec.  supplier  0  0  . 
Source: Arne Kristensen. Innovation Structures and Performance  29 
5.  Conclusions 
· In this fma1 section we shall conclude on· three discussions, namely: 
1.  About  the  importance  of firm  size  and  sector  affiliation  for  · 
innovation.  · 
2. About coimection between innovative efforts and innovative results. 
3. About similarities and differences between the Nordic countries. 
Since the data material on which this report is based is rather weak (cf. 
the introduction) the conclusions presented in the following are general 
tendencies, and they should be interpreted with care. 
5.1  Firm size,  sector  and  innovation 
Both regarding innovative results and innovative efforts -we  found that 
aggregate figures  cover big variations over firm size and sector. There 
was a clear tendency that small and in lesser degree medium-sized firms 
had achieved the  best innovative results, and,  correspondingly, it was 
apparently  small  enterprises  which had made  the,  relatively,  biggest 
innovative efforts. 
Over sectors we  saw the tendency that the two most research-intensive 
sectors, science based firms and specialised suppliers, had achieved the 
be~t results  and that science based firms  carries  out an  over-average 
number of innovative projects. 
Thus, firm size and sector affiliation do have important consequences for 
entetprise 's innovative activity. One should notice, however, that there is 
a close connection between finn size and sector because of the theoretical 
underpinning  of  distribution  of branches  into  sectors.  Therefore, 
discussions  of firm  size and innovation should not be kept alone, but 
should be complemented with  a  discussion of sector affiliation  and 
innovation. 
We could propose the following rough conclusions on the sector division 
used in this report: 
Scale intensive enterprises are large enterprises in process industries 
(e.g. cement, etc., foodstuffs, metal). They are rather active in process 
innovation  (they  have  many  innovative  projects  and  they use  the 
majority of innovation expenditure on production equipment); they 
have a low share of new products; they are active in domestic R&D co-
operation. I.e. their primary source of competition and, consequently, 
their  strategy  in  innovation.  activities,  is  exploitation  of  scale 
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Supplier  dominated firms  are  small firms  in traditional branches 
(furniture, textile, etc.). They have few  innovative projects; they are 
very  active  in  co-operation  with  other industrial finns,  consulting 
firms  and  research  institutes,  they  spend  the  majority  of  their 
innovation budget on process innovations. I.e. they are dependent on 
other firms in  developing innovations. 
Science  based firms  are  primarily  large,  R&D  intensive  firms  in 
chemicals and electronics. 'They have high shares of new products; they 
have many (and long termed) innovation projects; they spend most of 
the  innovation budget on R&D;  they are very active in co-operation 
with universities, etc. I.e. their competitive advantage, and hence their 
innovations, are based on R&D. 
Specialised suppliers  are manufactures of production equipment. They 
have  high shares  of new products;  they  spend  relatively much on 
marketing and implementation of innovations; they are relatively R&D 
intensive. In short: they compete on their ability to adapt to customers 
needs. 
These conclusions are, as already stressed, very rough generalisations, as 
the  data  is  too  weak  to  support valid conclusions even  at this  rather 
aggregated level.. A branch analysis of the data has been performed in 
Arne Kristensen 1992 (see footnote  13 ),  but the results put forward in 
that analysis were even more statistically uncertain. Therefore the choice 
made in this report seemed to be the best possible. 
5.2  Connection  between  innovative  efforts  and results 
As suggested in the previous section there seems to be some connection 
between  innovative efforts  and innovative  results.  If we  measure  on 
relative number of innovative projects (Table 2.8) it is small enterprises 
that make the biggest innovative effort, and it is also  ~mall enterprises 
that have achieved the best innovative results. These results can, however, 
be biased towards small enterprises, since all major innovative projects 
are carried out by large enterprises. 
At  sector level it is  science based firms  and  specialised suppliers that 
carry out most innovative projects, and according to one output-indicator 
(Table  4.3)  it is  science based firms  that have  achieved  the  highest 
innovation ratio while specialised suppliers have achieved rather modest 
results.  However,  according  to the  other output-indicator (Table 4.6) 
specialised suppliers have obtained a high innovative output while science 
based finns have achieved modest results. Thus, although the picture is 
somewhat blurred, there  seems  to  be a connection between input and 
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5.3  Similarities  and  differences  between  the  Nordic  countries 
Before  starting  on  a  comparison  of the  Nordic  countries  - or  any 
countries - it should be noticed that in making these comparisons one 
implicitly  assumes  that  there  exist  no  structural  and  institutional 
differences between the countries. This is never the case. Even among the 
Nordic  countries  which may  seem  rather similar at first  sight,  these 
,·  differences  exist22.  Therefore one  should be  cautious  of making  too 
defmite conclusions. 
At  the  overall· level it is  difficult to  see any pattern in the  differences 
between the Nordic countries. Innovative output seems to be higher in 
Denmark than in Finland and Norway. Norwegian finns seem to spend a 
large share of their innovation budget on R&D while Finnish firms seem 
to spend a large share on acquisition of capital equipment connected to 
innovation. 
However,  the  similarities  between  innovative  activity  in  the  Nordic 
countries seem to be much more dominant. For example it is small finns 
and the more research  intensive sectors that have the  largest share of 
innovations  in  their output;  large enterprises conduct the  majority of· 
development projects, but in relative terms small enterprises carry out 
more  projects  than  large  enterprises  do;  R&D  is  the  major post on 
innovation budgets in all countries, etc. 
5.4  Closing  remarks 
If the reservations taken in the beginning of this section are going to be 
loosened new data is needed. And taking into account that the need for 
knowledge about technological development and innovation is increasing 
as  the  process  of development  is  accelerating,  one  could  safely  add 
urgently  needed. 
Therefore the initiatives taken in EEC and OECD to allow for collection 
comparable data and the efforts from EEC to collect comparable data are 
very  welcome. This  will allow .  international comparisons  much more 
detailed,  statistically valid and  in depth  than  the  one presented here. 
However, the lesson learned from  this analysis (and from  the analysis 
presented at the  OECD  workshop  in  April  199323)  is  that one should 
22 Cf. e.g. Nordic Industrial Fund: FoU-TRENDER, nr. 2: 1990 and Birgitte Gregersen, 
Bjorn Johnson and Arne Kristensen: 'Comparing National Systems of Innovation. The 
.  case of Finland, Denmark and  Sweden'. Forthcoming in Vuori  and Vuorinen  (ed.) 
Explaining Technical Change in a Small Country - the Case of  Finland, Forthcoming, 
E1LA. 
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make big efforts to make both .  the  questionnaires  and the samples as 
identical as possible to allow for comparisons24. 
24 And even more so if analysis on micro level data is going to be performed across 
countries. 33 
CENTRAL STATISnCAL OFFICE OF FINLAND 
Staliltics on Science and TechnolOGY 
Kindly ret~rn the questionnaire 
before 30 June1989 
P.B. 770 
00101  HELSINKI 
. Tel. 358 0 17. 341  Mikael Akerblom 
Ari Leppalahti 
Innovation activities of Industry 
General  Information 
This questionnaire collects daaa on the foundations, scope, results and efrects or the innovalion activities or industrial com-. 
panies. 
The information should mainly be supplied at lhe company level If  more convenient, it may also be supplied separativdy for 
individual units of  the company. The data or concerns may be supplied by divisions comprising several companies. 
ne  infonnation is requested primarily on units operating in Finland. However. if  unias operating abroad play an important 
· role in the innovation activities of units operating in Fanland.  lhe answer may also contain infonnation on these units. 
Some questions may not be equaUy appropriate 10 all units. If exact inf~ation  is not available. an informed estimate may be 
supplied insaead. Should lhis be impossible or meaningless from the point of view or the company or unit, the question may 
be left unanswered. 
AD iDtor;mation supplied should relate to tbe -uait specified on page 2. Under stahltOI")' provisions concern  in& the Cent· 
ral Statistical Olr~ee or Finland, the data suppUed are confidential aad wUI oniJ be ased for statistical purposes. No in· 
rormatioa at tbe company level will be released to a third party. 
Concepts and definitions 
Innovation activities introduce somethin& essentially new 10 a company's activities. This questionnaire coUecas information 
on product innovations (new or subs&antiaUy improved old products) and on process innovations (new methods or producti· 
on). , 
A product innowtioa refers 10 a product whose intended use,  performance clwxaaistics, technical propenies, or materials 
and components use dill'er from the unit's previous products to lhe exaent &hal it can be considered to be a new or essentially 
improved old product. A product innovation may include several incremental innovations relating to different components of 
lhc produc:L Product innovations may be based on R.tD activities ar on technology acquRd by other means. 
PIOdUClS made to the customer's order (unit prodUClion) are not c:ounled as product innovations unless they embody a signifi· 
cant R&D erroit on the pan of  the company or otherwise represent major chanaes in lhe product's performance characaeris-
lics or r.eld or  application. Aesthec.ic (design based) innovations are not counted as innovations in this survey. 
A process iaaowtioa relers 10 lhc adoption of new production melhocls. 1be me&hods may be inacnded for producing new or 
essentially improved goods or for essenlially increasing the ~uecion  effiCiency of existing goods. Process innovations are 
based on R&D activities or on acquired ltdlnoloJies. Acqwsition of new types of machine or equipment (but not the mere 
replacanent or old models or excension or existing processes) can also be counled as process innoVIllOnS. 
Ralionalisalion or office routines. rdaled acquistion or machinery and equipment irlcludcd, is not counled as innovation. 
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General background Information 
N.,..  and posiaon of contact person  Telephone number of contact person 
Turnover o1 unit in 1888  Exports of unat in  1888  Number of employees 1"1 unat 
at year·s end 1888 
FIM  milfeon  FIM  mtlllon 
Type of unit  Yes  No  Mode of producllon  Yes  No 
eonc.m  Serial production 
PaNni company of concam  Unit production 
Subliclaly a:xnpany of concam  Process industry 
Division of concam 
Olher ~na  company 
·  Orher (Please, specify) 
Doealhe answer Include unlta operating abroarc:t 
1. Information on the unit's most Important product groups 
Questions 1.1-1.6 deal with lhe unit's lhree most imponant product groups. The product groups may be defined according &o the 
unit's own ~e~minology, and da&a rnay be supplied only !or one or two groups if so desired. 
1.1  The most lmponant product groups In proponlon to  . 
turnover In 1988  (Please provide definitions of the product groups) 
Propotlion of tumovw  .. 
ProductgroupA: 
Product group 8 : 
Product group C : 
l 
I 1.2  Country of biggest competitor 
In the most lmponant product groups In 1988 
Market of  MarUI  Ma~•·  World 
Finland  of Nordec  ofWes•m  matMI 
coun1r111'  Europe 
Product group A  .r. 
Product group B 
Product group C 
If  the competiaor is Finnish. then Finland should be specified. 
If  &here is no competition in the product group write no as an answer. 
1.3 Expected growth In demand  In 
the most lmponant product groups 
over the next five years 
1.4  Unit's market shares for the most Important 
product groups In 1988 
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MarUI of  MarUI of  Markel of  Wortd 
, 
Finland,  Nordic  Westem  marlcat. 
Demand is expected 10 
Product group 
A  B 
(I)  (X) 
Increase 
Remain unchanged 
-
Decrease 
1.5  Distribution of turnover for the most 
Important product groups by phase of 
life cycle of products In 1988 
Product group 
A  a 
(%)  (%) 
lnRcb:lory phase 
Growth 
Saturalon 
Decline 
Tolllf  100  100 
c 
(1) 
c 
(%) 
100 
total"  countries,  Europe, 
(%)  total  totaf 
(%)  (%) 
Product group A 
Product group B 
Praduct group C 
1.6  Estimated average duration of 
Innovation projects and length of life 
cycles of products In the most Important 
product group• 
Product group 
A  a 
Dura~Gl  of innovalion project (in years) 
Life cycle of product (in years) 
lOIII 
(%) 
c 2.The foundations and the scope of Innovation activities 
2.1  Development strategies 
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For an evalu:ation or lhe unit's genct7&1 development sntegy, please indicate he imponance or selected basic development alter· 
natives for your unit according10 the foUowin1 scale: 
0 =  no inrormation or impossible to ewluate  4 =  Important 
l =not at all important  5 =crucial 
l  = sligthly important 
3 =  rather important 
Encircle the relevant alternative· 
Development atrateglea In relation 1o product• and marketa 
Present produc:as. pntsent markets  .  .  .  .  • .  .  .  .  .  .  .  .  .  .  .  • .  .  .  .  . 
New produc&s, present rnarkell  .  .  .  .  • .  .  .  .  .  .  .  .  .  .  .  • .  .  .  . 
Present products, new markets  .  .  .  .  .  .  • .  .  .  .  .  .  .  .  .  .  .  .  .  .  . . 
New products, new markets  .  .  • .  •  •  • .  • .  • .  • .  .  .  • • .  .  .  .  .  .  .  . 
Development alrateglea In relation 10 lechnologr 
o.wlopmena of new tlchno6ogy lar fw incllaty  .  .  .  .  • .  .  .  .  .  • .  .  .  . 
Further dawlopmenl of leChnology devetoped by olherl  •  • .  • • • • • • • • 
Uliization of leChnology developed by ohtrs  .  • .  .  • .  .  .  .  .  .  .  .  .  .  .  . 
Improvement of compMfs  exis~ng lld\nology  •  • .  .  • .  .  .  .  .  .  .  .  .  .  . 
Development atrateg._ In relation lo  the.uae of  lnpula of  production 
U•  of new inputs  •  .  .  •  • •  •  •  .  •  •  •  .  • • • • • •  .  •  • .  .  .  • • • .  .  . 
MoN efficient use of existing inputs  •  •  • •  .  .  • •  •  .  • .  .  .  • .  .  • • .  .  • 
Energy CIOftServation  • • • • • • . • •  • • • • • • • • • • • • • • . • .  • . . • 
La~c:utl ••••••••.•••...••••.••.......•••... 
2.2 Innovative Ideas 
No  Hoc 
inform.  imponant 
0  1 
0  , 
0  , 
0  , 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
cruaal 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  •  5 
2  3  ..  5 
2  3  ..  5 
Impulses for innovation projects may come from many different sources. Please evaluate the imponance of &he following factors 
(scale as above): 
- CIUI:HI 
Encircle the relevant alternative  No  Not 
infonn.  Important 
lnlemallmpula• 
Top management  •.  . . . . . .  . . . . . .. . ..  0  1  2  3  ..  5 
lnlltmal R&D  . . . . . . . .  . ... . .  0  1  2  3  ..  5 
Mart.  ling  . .  . . .  . .  . .  . . . .  .  .  0  1  2  3  •  5 
Production  . . .  . . .  . . . . . .  . . . . .  . .  0  1  2  3  •  5 
Sptem for initiaMI  . .  . . . . . .  . . .  . . .  . .  0  1  2  3  ..  5 
lmpuiMI from martceta 
Govemment conlracts  . .  . .  . .  . . . . . .  0  1  2  3  ..  5 
CusiDmer derMnd • . .  . .  . .  . .  . .  . .. . . .  0  1  2  3  ..  5 
F.WS,exhlMUons.~s  . . . . .  . . . . . . . ....  0  1  2  3  •  5 
Compeliliw situation  .  .  .  .  . . .  . .  . . . . . . . . . .  0  1  2  3  •  5 
Other eaemallmpul .. 
AcqWilion of materialllet•IOiosw (e. o. machinery, -..ipmenl)  . . . . . .  0  1  2  3  •  5 
AcquisiliCJn of  immallrial tlc:hnology (licenles,i'ttonnalion sysllml,know-haw)  0  1  2  3  •  5 
Co-apenllion wilh aubconlrac*X'I  . . . . . . .  . . . . .  .  . .  0  1  2  3  •  5 
Co-apetalion wilh constAtanll  . .  . . . .  . .  ... . ...  0  1  2  3  ..  5 
Co-operation wilh lhe Technical Aelurch Cenn of Finland  . . . . . . .  0  1  2  3  •  5 
Co-apetalion with domestic univer'liliel and ,.seard'l inllitullas  . . . . . .  0  1  2  3  •  5 
Co-operation with foreign &lnMrsilie1 .tet ,.  ..  .a.  inlliUH  . . . . . . .  0  1  2  3  ..  5 
Co-operation wilh other companies (uritl)  . .  . . .  . ......  0  1  2  3  •  5 
Legislation. ........  regutalionl  . .  . . .  . . .  . .......  0  1  2  3  •  5 
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2.3  Factors contributing to Innovation activity 
Several factors do conuibutc &o  &he success of innovation projects. We  a~k you to evalu:uc the weight of the following factors · 
ac:c:ording 10 lhe scale bellow:  , 
0 =  no information or impossible to evaluate  ~ =  important  , 
1 =  nor important at all ·  ·  5 =  crucial 
2 =  sligthly important 
3 =  rather important 
Encircle the relevant alternative 
cruaal 
No  Not 
inlorm.  important 
lntemal factora 
I 
Conlribulions of top management  ...................  . ..  0  1  2  3  •  5 
Co-operation of R&D wilh maricating and production  .... . . . .  . .  0  1  2  3  •  5 
Company's intonnation senrice  .....................  . .  0  1  2  3  •  5 
Ezternal factora 
Use of~  ..,.._,(lasting, slandatdization, palenting)  .......  0  1  2  3  •  5 
Use of Olher advisory aeMclas (e.g. marbling, management)  ........  0  1  2  3  •  5 
Co-operation wilh subcontraCIOrl  . . . .  . . . . . . . . . . . . . . . . . . .  0  1  2  3  •  5 
Co-operation with  tae Technical Aeseatdt Cenn  of F'enland  . . . . . . . .  0  1  2  3  •  5 
Co-opara1ion with other domestic Nsearch ins1itutes  .. . . . . . . .  . ..  0  1  2  3  •  5 
Co-operalion wilh domestic uniwnitiea ............  . . . .  . ..  0  1  2  3  •  5 
Co-opara1ion wilh voca1ional ins•ues  . . . . . . . . . . . .  . .  . ..  0  1  2  3  •  5 
Co-operation wilh foreign universities and research institutes  .  .  . .  . ....  0  1  2  3  4  5 
Co-operalion with olher companies (units)  ..................  0  1  2  3  4  5 
2.4  Barriers to Innovation activities 
There are a number or Cac&ors which may hamper &he launching and implementation of innovation projects. Please evaluate lhe 
imponance or such facaors according 10 lhe same scale scale as above in 2.3: 
Encircle the relevant anernatlv 
crucial 
No  NOI 
inform.  impottanl 
Economic factora 
Risk nalated 10 innovation too big  ..........  . .  . .  . .  0  1  2  3  4  5 
Lack of fundng  .  . .  . . .  .... . ..  . ..  0  1  2  3  4  5 
Own Innovation potential 
Qualitative deficiencies in own R&D  0  o  I  ... .. . .  . .. . . .  0  1  2  3  4  5 
Lack of qualified penomel  . . .  ... . . . .  . .  . .  0  1  2  3  4  5 
l..ack of information on IIIChnology  . .  . . .. . .  . .  0  1  2  3  4  5 
-
L...ac* of inlormalion on INIIMII  . . . . . ..  . . .  . .  . .  0  1  2  3  4  5 
Aesislanc:8 IIMaldl changes in compMf  . .  ..  . .  . .  0  1  2  3  4  5 
Deficiencies in the availability of edlmll I8Mcn  . .  . . .  0  1  2  3  •  5 
lnadequala opportunities tor~~ . . . . . . .  . .  . .  ..  0  1  2  3  4  5 
Othera: 
lmovation 100 easy to UM «copy  . . .  . .  ..  0  1  2  3  4  5 
Aegulations,legialalion  . .  . . .  . . . .  ..  . .  . .  0  1  2  3  •  5 38 
2.5  Total cost of Innovation activities In 1988 
FIM, milleons 
Total co111 or reMarch and development In unit, 
fnl'amural R&D 
EllramUral R&D 
. 
Total costa of other Innovation acllvttles 
Acquisition of leCnnology 
Application of innovations 
Marketing of innovations 
Total cost of InnOvation activities 
The aim of  &his question is to set a roush idea or  lhe size of  the unit's innovation expenditure.  Accurate data derived from the 
unit's accounts are not neceaary. U pracdcable, the data supplied should be broken down by subgroups of R&D expendiQll'e and 
Olher innovation expendicure. Otherwise. enatz lhe totals of  R&D expenclicure and othct innovation expenditure. 
Intramural R&D expenditure consist of  current and capital costs for R&D undenalcen by unit's own personnel,  regardless of 
whelher lhe activities have resulled in innovalions or ncx.  · 
Extramural R&D expenditure consist of acquisicion coscs for R&D services. 
Expenditure for &he acquisition of technolol)' consist of  patent and licence costs. i.e. adminiscrative and legal costs related to pa. 
lallinl and lic:encing, and of other costs for the cquisition of  external know-how. 
The expenditure for the application of innovations covers lhe launcbins of the production of a new article or of an essentially 
improved existing ankle and the implemencation oC a new production process. Included are such costs as post-R&D product d&-
sip,  Dial production as pan of  launchinglhe poduelion. aoolins, edUCilion and orpnisalional developmcn&. 
nc  marketing expenditure of innovaciOM covers martel research, advertising campaings and trial marketing. 
1be .cquisition of new production capacity covers machinery and equipment incorporating new technology and lhe acquisition 
of  machinery. equipment and new buildings as pan of  the application of lhe innovation.  ' 39 
3. Results of Innovation activities and their utilization 
3.1  Product and process Innovations In 1984·1988 and total number of products In 1988 
(see "Conceps and Definitions" page·1)  . 
AU  Product group 
products. 
total 
A  B  c 
Tocal number of products at yurs  end 1988 
Product innovations or new and aubstanDally improwd old products 
inUodUCIId on "•  market 18.,. - 1988 
- of  which: products noc proOiced before by otw  companies 
Has ,.  unit applied new ptOduclion procesaes or melhods in  Yn  No 
188C-1881 
It e.  answtr is yes, 
how many? 
To ensure comparability, the data far 1984·1988 should be supplied accordjngco the unit's organis:.tional scructure  as of 1988. 
In calculating lhe number or products, products should be differentiated by such criteria as wget group.  field of application. and 
essentially al~ed  technical or other characteristic. Versions or the same product differing in size or colour are not counted as dif· 
fercnt  producu. 
Product innovations can be defined on lhe"basis of R&D projects thal have resulted in-marketable new products or in essential 
improvements in existing products. Thus, improvements in djfferent pans or lhe same product are not counted as separate innova-
tions. 
Companies engaged in unit production may calculate lhe number of all products 1Umed out within the given period or time unless 
the product base at year's end 1988 allows some ~er  reasonable mode of definition. Correspondingly, product innovations may 
be c1eranec1 as produces turned out during the &iven period of time and which incorporate an essential amount of R&D. 
)a-the space bellow, &ive a brief  description or the method JOU have used in calculating product and process innovations 
Criteria for calculating the Innovations: 
/ 
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3.2  Unlt"s evaluation of the eommerclal success ol new products or substantial product lmprovemonts 
IntrOduced on the maf't(et during 1984·1988 
Total  Product group  .A  Product group B  Product group C 
,  SU"-c:leSS 
Neither 
Too early 10 evaluall 
Total 
1be ligures for tolals should be at least as JIUI as nuber or product innovations in 1984-1988 as reponed in section 3.1 
3.3  New  products and substantial Improvements of old products In proponlon to 
turnover and expons In 1988 
Please tick the relevant alternative 
0- 10 
11- 20 
21- 30 
31- ~0 
~1- 50 
51- 60 
61- 70 
71- 80 
81- 10 
11-100 
Impossible 10 eslirnall 
Proportion ol 
turnover 
(1) 
Tustokelkus -e. 
Proportion of 
expofta 
(1) 
! 
"'. 4.  Research and development and purchase and sale of technology 
Has f'le unit engagod., internal R&D in ht  1MI? 
If  lhe answer is yes.  please respond 10 questions 4.1 - 4.3 
If  the answer is no, you may proceed 10 item 4.4 
4.1  R&D projects In progress at year's end 1988 by estimated duration 
Duration  Number of 
pro;ecu 
A year or less 
Over a year, two years aa most 
OYer two rears. fNe rears at most 
Over five years 
Toul 
4.2  lnfonnatlon on Internal R&D activities In 1988 
Ha• the unit •  aeparale R&D department or aome other comparable unit provldlRQ aervlcet for the unit 
II yes. what is its shaN of"-internal R&D expendil&.n 
Haa the unit participated In national or lntemallonallechnology programa In 1111 
Please ~the  relevant program 
National technology programs of ht  Technological Development Cenn 
T ec:hnology programs of ht  Nordic countries 
E&nka 
EC P'"rams 
ESA 
COST 
Soenlik  and technotogical co~tiOn  wtlh ht  CMEA-countries 
Tllastokeskut e 
41 
Yn  No 
% 
Yes  No 
(1) 42 
4.3  The relation of research and development to cenaln new technologies  In 1988 
T"  k the relevant allemaLive  IC 
Aim of unlfa R&D 
Oevelopmena of new  Applic.atton ol 
techna  new techncs-
I  (I)  (I) 
Information technology 
Mic::roeledronica 
, Materials in eladronics 
Optoelec::lrOnica 
COmpuW I8Chnology 
Information 1JII8ml. loftwMt 
Mficial inleligence. expert IYII8ml 
J 
D•  transfer leehnology 
Automation and control technology 
Blotechnlca 
Enzymes 
Fermentation  • 
Genel8chnology 
Diagnosticl 
Materials 
New stael materials 
Ughtmetall 
Powder metalkqy 
Ceramics 
Composites 
Polymers 
...  N1ac:8 ~rials 
Supra conduc:larl 4.4  R&D contracts funded by the unh In 1988 
Please lick &he typc(s) of institution with which lhe unit has signed a research contracL 
Other companies (or units) in lhe same ~cern 
Olher industrial companies 
Con&ulting and s8Mce firms 
Vocational insliiUiions 
4.5  Research co-operation of the unit In 1988 
Please tick &he relevant types of institution in different country groups. 
Finland  Olhlr  EC 1) 
Nordic 
countries 
(1)  (a)  (x)  (1) 
OINt  CDmpMies (units) in 1he same concern 
Olher industrial companies 
Technical Research Centre of r~nland 
VocatioMI insliUionl 
1) Elcludinl Denmark 
DomestiC 
(I) 
Japan 
(I) 
CMEA 
(1) 
43 
Fore.gn  ' 
(I) 
Other 
(1) 
I 
Rcsearc:b ~on  comprises joint R&D projects with other institutions and own projcas formally linked 10 the projects of 
ocher inslilucions. 
Tllastokeskus e 44 
4.6  Purchase (acquisition) and sale of technology In 1988 
Tick &he relevant alternative 
rurch:a.wd in  Sold to 
F~nland  Other councnes  Finland  Other coun1nes  .. 
Patenll  .' 
Lancet 
TechnologicaJ consulling 18rvicaa 
Means of production Ot procauea CGncaining new IICMOiogy 
Allw materials and Wermediaaa goodl CGnlaining rwwiiC:hnologr 
lnformalion aystema containing new IBC:Molagy 
Companies or  pans of companies lor hi  purpose of accJ~iring or sel-
ling 
OIMr (please specify) 
Comments coneerninc the data supplied and ideas and opinions related to the questions: 
; 
: 
1: 
i 
/ 
-
.. 
i 
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Annex 2  Samples 
Sample by size of  firm. Number of  firms 
Small  firms  Medium-sized  Large  firms  Total 
0-99'  firms  500-
employees  100-499  employees 
emolovees 
Denmark  51  104  39  194 
Finland  55  62  53  170 
Iceland  35  8  0  43 
Norway  51  54  32  137 
Sweden  22  43  36  1 01 
tTotal  214  '271  160  645 
Source: Nordic Industrial Fund 1991 
Sample by Pavitt sectors*. Number of  firms 
Scale  Supplier  Science  Specialised 
intensive  dominated  based firms  suppliers 
firms  firms 
Denmark  74  18  43  59 
Finland  21  99  21  56 
Iceland  8  23  12  0 
Norway  55  6  40  34 
Sweden  45  3  21  30 
Total  ••  203  149  137  179 
*  Cf. annex 3 
** Total adds up to more than 645 enterprises because approximately 25 small very R&D 
intensive Finnish e~terprises have been excluded from the size analysis. 
Source: Arne Kristensen Innovation Structures and Performance  46 
Annex 3  Pavitt's taxonomy2s 
Background 
Pavitt constructed his taxonomy on the basis of the SPRU database of 
over 2000  significant innovations  in the British manufacturing sector 
between 1945 and 197926. In this database each innovation is  attributed 
three numbers from the British Minimum List Heading27: 1) the sector of 
production of the innovation; 2) the sector of use of the innovation; 3) the 
sector of the innovating finn's principal activity (1984:  345). The two 
first  classifications  allow  Pavitt  to  trace  each  innovation  from  the 
producer  to  the  user,  which  is  the  relevant  characteristic  in  this 
connection. 
Furthermore,  Pavitt defines  process  innovations  as  innovations  used 
inside the sector in which they are produced and product innovations as 
innovations used outside the. producing sector, and he thus uses the sector 
as the point of reference in his definition of innovation rather than the 
firm. 
These  two  main premises  along  with  information  on  the  means  of 
appropriating benefits from the innovation and on user needs allow Pavitt 
make a sectoral division of innovating finns. 
More precisely, the basis Pavitt uses for-his division of the manufacturing 
sector in sub-sectors is:  · 
Sources of technology: Inside finns for example R&D-department 
and  production  engineering  departments  and  outside  firms  for 
example customers, suppliers and government R&D laborat~ries. 
User needs: For example performance, reliability, quality, time of 
delivery or, simply, price can be decisive for the user's choice of 
supplier. 
25  Developed in Keith Pavitt:  'Sectoral Patterns of Technical Change: Towards a 
Taxonomy and a Theory', Research Policy  No. 13, 1984. 
26 The survey methods, the data limitations and the database are described in Townsend, 
J. et al: Innovations in  Britain Since  1945,  Occasional Paper No.16, University of 
Sus$ex,  1981. 
27 Which con:esponds to the Standard Industrial Classification (ISEC). 1  nnovation Structures and Performance 
Methods to appropriate benefits from the innovation: For example 
patents, trademarks, secrecy or imitation lags. 
Pavitt identifies 3 main sectors in the manufacturing industry, and one of 
these sectors, production intensive firms, he splits into two and he ends up 
with 4 sectors. The four sectors are: 
Scale  intensive firms:  Large process  oriented firms  that produce 
price sensitive products in bulk materials (steel, cement and glass), 
consumer  durables  and  transport equipment.  They  have  highly 
developed  production  engineering  departments  that  develop  the 
majority of product innovations and part of the process innovations. 
The other source to product innovations is  the specialised suppliers 
with whom they have complementary relationship. Their principal 
techniques of appropriating the benefits from innovation are secrecy 
in the production processes and know-how in the production.  · 
Supplier dominated firms:  Typically small_ firms  in the traditional 
sectors of manufacturing (for example Textiles and Leather and 
footwear),  agriculture, housing and private services. They have a 
relatively weak R&D-department, and most of the innovations are 
process innovations which come from the suppliers of equipment and 
material. They appropriate the benefits from innovations by trade 
marks, special design and marketing/advertising. 
Science  based firms:  These, typically large,  firms  are found in 
chemical and electronic industry and the innovations are based in a 
massive R&D effort which, in tum, is dependent on the development 
in the underlying basic science. The firms are able to protect their 
innovations partly by entry barriers (costs· by entering the sector are 
very high) and partly by patents, trademarks and secrecy. 
Specialised suppliers: These finns are highly specialised in supplying 
machinery  and  instruments  to  other producers.  Therefore  they 
compete  on the  performance  and  reliability  of their equipment 
rather  than  on  price.  Their  emphasis  is  therefore  on  product 
innovations rather than on process innovations, and the methods of 
appropriation are firm-specific skills which result in both continuos 
developments of their products· and the ability to adjust to user needs 
and user demands. The firms in this sector are usually small. Innovation Strucnues and Performance 
Sectors 
Supplier dominated firms 
32  Textile-, leather- and clothing 
33.2  Furniture 
34.2  Publishing and printing 
39  ·  Other manufacture 
Scale intensive firms 
31 
33.1 
34.1 
35- 35.22 
36 
37 
38.1 
38.4 
Food, beverage and tobacco 
Wood and wood products 
Paper and pulp 
Chemicals and chemical products (  exc. drugs) 
Stone, clay and glass 
Basic metal 
Fabricated metal products 
Transport equipment 
Science based  firms 
35.22 
38.25 
38.3 
Drugs 
Computers etc. 
Electronics 
Specialised suppliers 
38.2- 38.25 
. 38.5 
Machinery 
Instruments 
48 A
n
n
e
x
 
4
a
 
S
o
u
r
c
e
s
 
o
f
 
i
n
n
o
v
a
t
i
v
e
 
i
d
e
a
s
 
d
i
s
t
r
i
b
u
t
e
d
 
o
n
 
f
i
r
m
 
s
i
z
e
.
 
%
 
o
f
 
f
i
r
m
s
 
r
a
t
i
n
g
 
a
 
f
a
c
t
o
r
 
a
s
 
i
m
p
o
r
t
a
n
t
 
D
e
n
m
a
r
k
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
K
e
y
 
p
e
r
s
o
n
s
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
C
o
n
s
u
l
t
a
n
t
s
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
-
m
a
t
e
r
i
a
l
 
i
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
-
t
e
c
h
n
o
l
o
g
y
 
t
e
c
h
n
o
l
o
a
y
 
S
m
a
l
l
 
7
2
,
5
 
4
8
,
7
"
 
3
6
,
0
 
5
,
4
 
5
7
,
5
 
1
3
,
8
 
1
6
,
4
 
0
,
7
 
2
9
,
8
 
M
e
d
i
u
m
 
5
0
,
0
 
6
1
,
4
 
5
1
 
t
 
1
 
2
3
,
4
 
5
4
,
4
 
2
7
,
2
 
1
4
 
t
 
1
 
9
,
6
 
4
;
6
 
L
a
r
g
e
 
3
8
,
5
 
7
3
,
0
 
4
2
,
1
 
2
1
 
'
1
 
6
1
,
8
 
1
7
 
t
 
1
 
6
,
2
 
3
,
4
 
1
0
,
0
 
T
o
t
a
l
 
6
2
,
3
 
5
5
,
2
 
4
1
,
3
 
1
.
2
,
8
 
5
7
,
1
 
1
8
,
7
 
1
4
,
0
 
4
,
0
 
1
8
,
4
 
O
t
h
e
r
 
D
a
n
i
s
h
 
R
e
s
e
a
r
c
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
f
i
r
m
s
 
i
n
s
t
i
t
u
t
e
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
I
 
e
d
u
c
a
t
i
o
n
 
S
m
a
l
l
 
2
0
,
1
 
2
0
,
0
 
1
3
,
4
 
5
6
,
8
 
1
4
,
0
 
3
1
,
3
 
3
6
,
0
 
M
e
d
i
u
m
 
3
0
,
7
 
1
0
,
8
 
1
2
,
7
 
5
5
,
8
 
1
0
,
4
 
3
1
,
9
 
2
2
,
1
 
L
a
r
g
e
 
2
1
 
,
2
 
6
,
1
 
9
,
1
 
3
7
,
8
 
1
1
 
,
5
 
2
3
,
1
 
1
4
,
3
 
T
o
t
a
l
 
2
5
,
3
 
1
4
,
2
 
1
2
,
5
 
5
4
,
4
 
,
1
2
,
4
 
3
0
,
5
 
2
9
,
7
 
F
i
n
l
a
n
d
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
C
o
n
s
u
l
t
a
n
t
s
 
O
t
h
e
r
 
F
i
n
n
i
s
h
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
I
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
f
i
r
m
s
 
t
e
c
h
n
o
l
o
a
v
 
t
e
c
h
n
o
l
o
a
v
 
S
m
a
l
l
 
6
8
,
1
 
6
4
,
3
 
6
9
,
0
 
4
3
,
6
 
5
1
,
8
 
2
8
,
7
 
3
4
,
3
 
1
8
,
0
 
2
9
,
6
 
M
e
d
i
u
m
 
5
9
,
1
 
7
0
,
4
 
7
1
,
1
 
4
1
,
0
 
4
2
,
7
 
2
0
,
5
 
1
5
,
0
 
2
2
,
9
 
3
9
,
8
 
L
a
r
g
e
 
5
2
,
2
 
7
3
,
1
 
7
6
,
0
 
3
2
,
7
 
4
0
,
3
 
2
4
,
7
 
3
8
,
8
 
7
,
5
 
3
9
,
3
 
T
o
t
a
l
 
6
1
,
4
 
6
8
,
5
 
7
0
,
1
 
3
8
,
5
 
4
4
,
9
 
2
3
,
2
 
2
8
,
7
 
1
7
,
6
 
3
4
,
9
 
R
e
s
e
a
r
c
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
I
n
s
t
i
t
u
t
e
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
-
-
e
d
u
c
a
t
i
o
n
 
S
m
a
l
l
 
1
5
,
2
 
2
3
,
9
 
8
5
,
2
 
5
,
0
 
8
4
,
2
 
4
1
,
9
 
M
e
d
i
u
m
 
5
,
7
 
1
7
,
8
 
8
9
,
9
 
3
,
4
 
8
5
,
2
 
3
6
,
3
 
L
a
r
g
e
 
1
8
,
1
 
3
1
,
7
 
9
1
,
0
 
1
,
5
 
8
5
,
0
 
3
8
,
3
 
T
o
t
a
l
 
1
2
,
4
 
2
3
,
8
 
8
8
,
2
.
 
5
,
1
 
8
1
 
,
8
 
3
7
,
4
 N
o
r
w
a
y
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
l
o
n
 
K
e
y
 
p
e
r
s
o
n
s
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
O
t
h
e
r
 
u
n
i
t
s
 
i
n
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
I
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
s
a
m
e
 
f
i
r
m
 
t
e
c
h
n
o
l
o
g
y
 
t
e
c
h
n
o
l
o
o
Y
 
S
m
a
l
l
 
6
5
,
1
 
6
4
,
6
 
5
2
,
5
 
9
,
7
 
5
9
,
3
 
2
0
,
7
 
1
3
,
3
 
1
0
,
0
 
1
8
,
0
 
M
e
d
i
u
m
 
4
2
,
8
 
5
4
,
0
 
5
7
,
2
 
2
1
,
5
 
6
7
,
0
 
2
6
,
2
 
1
5
,
2
 
3
,
7
 
2
2
,
4
 
L
a
r
g
e
 
3
1
 
t
 
1
 
7
1
,
4
 
5
2
,
5
 
2
2
,
5
 
5
8
,
7
 
2
9
,
1
 
1
2
,
8
 
1
5
,
3
 
2
5
,
0
 
T
o
t
a
l
 
5
1
,
3
 
6
1
,
9
 
5
4
,
2
 
1
6
,
1
 
6
1
,
9
 
2
4
,
1
 
1
3
,
9
 
8
,
6
 
2
0
,
8
 
C
o
n
s
u
l
t
a
n
t
s
 
O
t
h
e
r
 
R
e
s
e
a
r
c
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
F
o
r
e
i
g
n
 
u
n
i
t
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
R
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
N
o
r
w
e
g
i
a
n
 
I
n
s
t
i
t
u
t
e
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
,
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
f
i
r
m
s
 
e
d
u
c
a
t
i
o
n
 
S
m
a
l
l
 
3
,
8
 
1
5
,
6
 
2
5
,
4
.
 
2
0
,
0
 
2
6
,
2
 
5
8
,
7
 
1
4
,
1
 
2
7
,
7
 
2
5
,
6
 
M
e
d
i
u
m
 
9
,
2
 
9
,
2
 
2
8
,
2
 
1
9
,
6
 
3
0
,
2
 
5
7
,
2
 
3
,
7
 
3
1
,
9
 
2
7
,
6
 
L
a
r
g
e
 
1
3
,
8
 
9
,
7
 
2
4
,
5
 
1
2
,
2
 
1
2
,
8
 
5
0
,
0
 
1
1
 
'
7
 
3
0
,
6
 
2
1
,
4
 
T
o
t
a
l
 
7
,
5
 
1
2
,
3
 
2
6
,
2
 
1
8
,
5
 
2
5
,
4
 
5
6
,
7
 
1
0
,
0
 
2
9
,
7
 
2
5
,
6
 
I
c
e
l
a
n
d
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
K
e
y
 
p
e
r
s
o
n
s
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
C
o
n
s
u
l
t
a
n
t
s
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
i
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
-
·
 
t
e
c
h
n
o
l
o
g
y
 
t
e
c
h
n
o
l
o
g
y
 
S
m
a
l
l
 
7
7
 
t
 
1
 
6
0
,
0
 
6
5
,
7
 
2
2
,
9
 
3
1
,
4
 
8
,
6
 
1
4
,
3
 
3
4
,
3
 
8
,
6
 
M
e
d
i
u
m
 
1
0
0
,
0
 
2
5
,
0
 
6
2
,
5
 
5
0
,
0
 
2
5
,
0
 
2
5
,
0
 
0
,
0
 
1
2
,
5
 
2
5
,
0
 
L
a
r
g
e
 
I
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
T
o
t
a
l
 
8
1
,
0
 
5
2
,
6
 
4
7
,
8
 
2
1
,
2
 
2
1
,
9
 
1
2
,
5
 
7
,
9
 
2
6
,
3
 
7
,
2
 
W
i
t
h
i
n
 
s
a
m
e
 
O
t
h
e
r
 
A
p
p
l
i
e
d
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
c
o
m
p
a
n
y
 
·
 
I
c
e
l
a
n
d
i
c
 
r
e
s
e
a
r
c
h
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
f
i
r
m
s
 
i
n
s
t
i
t
u
t
e
s
 
e
d
u
c
a
t
i
o
n
 
S
m
a
l
l
 
1
1
,
4
 
1
7
,
1
 
1
1
 
,
4
 
5
,
7
 
5
4
,
3
 
1
1
 
,
4
 
3
4
,
3
 
2
5
,
7
 
M
e
d
i
u
m
 
1
2
,
5
 
1
2
,
5
 
0
,
0
 
0
,
0
 
2
5
,
0
 
5
0
,
0
 
1
2
,
5
 
5
0
,
0
 
L
a
r
g
e
 
.
 
.
 
.
.
 
.
 
.
 
T
o
t
a
l
 
1
0
,
5
 
1
0
,
7
 
5
,
1
 
2
,
4
 
3
4
,
4
 
2
4
,
0
 
1
0
,
4
 
2
4
,
0
 S
w
e
d
e
n
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
r
a
w
 
A
c
q
u
i
r
e
d
 
S
u
p
p
l
i
e
r
s
 
C
o
n
s
u
l
t
a
n
t
s
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
m
a
t
e
r
i
a
l
s
 
i
m
m
a
t
e
r
i
a
l
 
t
e
c
h
n
o
l
o
a
v
 
t
e
c
h
n
o
l
o
g
y
.
 
S
m
a
l
l
 
7
1
,
4
 
5
7
,
1
 
4
7
,
6
 
4
3
,
0
 
1
9
,
0
 
1
9
,
0
 
1
4
,
3
 
0
,
0
 
9
,
5
 
M
e
d
i
u
m
 
6
2
,
8
 
6
7
,
4
 
6
7
,
4
 
3
2
,
6
 
3
4
,
8
 
1
8
,
6
 
1
6
,
3
 
1
6
,
2
 
1
8
,
6
 
L
a
r
g
e
 
4
4
,
4
 
8
8
,
9
 
5
5
,
5
 
2
2
,
2
 
2
5
 
8
,
3
 
1
3
,
9
 
1
6
,
7
 
1
1
 
•
 
1
 
T
o
t
a
l
 
6
0
,
3
 
7
0
,
3
 
6
1
,
0
 
3
2
,
2
 
2
9
,
5
 
1
6
,
0
 
1
5
,
3
 
1
3
,
1
 
1
5
'
 
1
 
O
t
h
e
r
 
S
w
e
d
i
s
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
f
i
r
m
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
e
d
u
c
a
t
i
o
n
 
S
m
a
l
l
 
1
9
,
0
 
2
8
,
6
 
9
5
,
2
 
1
4
,
2
 
7
6
,
1
 
.
 
0
,
0
 
M
e
d
i
u
m
 
4
6
,
5
 
1
8
,
6
 
8
3
,
7
 
1
6
,
2
 
7
6
,
7
 
3
6
,
3
 
L
a
r
g
e
 
4
4
,
2
 
3
3
,
3
 
2
7
,
9
 
2
2
,
2
 
.
 
7
7
,
8
 
3
6
,
6
 
T
o
t
a
l
 
4
0
,
6
 
2
3
,
9
 
8
6
,
0
 
1
7
,
2
 
7
6
,
7
 
2
6
,
1
 A
n
n
e
x
 
4
b
 
S
o
u
r
c
e
s
 
o
f
 
i
n
n
o
v
a
t
i
v
e
 
i
d
e
a
s
 
d
i
s
t
r
i
b
u
t
e
d
 
o
n
 
s
e
c
t
o
r
s
.
 
%
 
o
f
 
f
i
r
m
s
 
r
a
t
i
n
g
 
a
 
f
a
c
t
o
r
 
a
s
 
i
m
p
o
r
t
a
n
t
 
D
e
n
m
a
r
k
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
l
o
n
 
K
e
y
 
p
e
r
s
o
n
s
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
C
o
n
s
u
l
t
a
n
t
s
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
i
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
t
e
c
h
n
o
l
o
a
v
 
t
e
c
h
n
o
l
o
a
v
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
4
6
,
0
 
6
1
,
3
 
5
1
,
2
 
2
8
,
7
 
5
4
,
3
 
2
2
,
7
 
9
,
8
 
8
,
7
 
4
,
2
 
S
u
p
p
.
 
d
o
m
i
n
.
 
7
3
,
1
 
7
5
,
4
 
4
8
,
2
 
2
8
,
4
 
5
1
,
3
 
4
5
,
5
 
2
9
,
4
 
1
5
,
9
 
~
 
5
,
9
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
7
8
,
7
 
6
0
,
1
 
4
4
,
0
 
1
,
2
 
"
 
5
7
,
9
 
2
6
,
3
 
2
2
,
8
 
1
 
,
4
 
3
3
,
0
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
5
7
,
4
 
4
7
,
3
 
3
3
,
9
 
9
,
9
 
5
8
,
6
 
6
,
0
 
6
,
1
 
1
 
'
8
 
1
8
,
3
 
O
t
h
e
r
 
D
a
n
i
s
h
 
R
e
s
e
a
r
c
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
f
i
r
m
s
 
I
n
s
t
i
t
u
t
e
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
e
d
u
c
a
t
i
o
n
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
4
,
0
 
4
,
1
 
9
,
7
 
4
8
,
2
 
7
,
0
 
2
5
,
6
 
1
3
,
8
 
S
u
p
p
.
 
d
o
m
i
n
.
 
2
0
,
6
 
-
3
1
,
0
 
1
5
,
9
 
6
0
,
3
 
3
4
,
5
 
5
6
,
9
 
5
0
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
5
,
4
 
3
2
,
5
 
2
0
,
9
 
5
4
,
0
 
'
3
1
,
 
7
 
'
 
'
4
7
,
2
 
3
1
,
0
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
6
,
8
 
4
,
6
 
4
,
7
 
5
6
,
8
 
0
,
0
 
1
8
~
5
 
3
3
,
6
 
F
i
n
l
a
n
d
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
C
o
n
s
u
l
t
a
n
t
s
 
O
t
h
e
r
 
F
i
n
n
i
s
h
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
I
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
f
i
r
m
s
 
t
e
c
h
n
o
l
o
a
v
 
t
e
c
h
n
o
l
o
a
v
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
7
1
,
1
 
6
7
,
1
 
6
5
,
2
 
4
9
,
1
 
4
6
,
5
 
2
1
,
9
 
3
1
,
5
 
1
8
,
3
 
4
3
,
2
 
S
u
p
p
.
 
d
o
m
i
n
.
 
4
8
,
5
 
7
2
,
7
 
7
6
,
5
 
4
3
,
9
 
6
7
'
 
1
 
2
2
,
7
 
2
5
,
6
 
2
8
,
3
 
1
8
,
6
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
7
0
,
6
 
7
3
,
4
 
7
8
,
5
 
2
9
,
7
 
5
6
,
5
 
2
4
,
7
 
4
2
,
3
 
8
,
6
 
3
9
,
3
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
4
5
,
8
 
6
7
,
3
 
7
3
,
2
 
1
9
,
0
 
2
6
,
6
 
2
5
,
3
 
1
9
,
9
 
1
4
,
4
 
2
5
,
8
 
R
e
s
e
a
r
c
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
-
i
n
s
t
i
t
u
t
e
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
e
d
u
c
a
t
i
o
n
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
1
3
,
7
 
2
6
,
4
 
8
6
,
2
 
3
,
8
 
8
2
,
9
 
4
1
,
6
 
S
u
p
p
.
 
d
o
m
i
n
.
 
2
,
4
 
9
,
2
 
8
5
,
0
 
1
2
,
1
 
9
0
,
5
 
4
8
,
8
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
6
,
2
 
2
2
,
0
 
8
1
,
5
 
8
,
3
 
7
1
,
7
 
3
4
,
1
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
1
6
,
8
 
2
6
,
7
 
9
5
,
3
 
2
,
8
 
7
9
,
1
 
2
5
,
5
 N
 
o
r
w
a
y
 
T
q
>
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
K
e
y
 
p
e
r
s
o
n
s
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
O
t
h
e
r
 
u
n
i
t
s
 
i
n
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
i
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
s
a
m
e
 
f
i
r
m
 
t
e
c
h
n
o
l
o
o
v
 
t
e
c
h
n
o
l
o
g
y
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
4
9
,
4
 
5
8
,
7
 
5
3
,
3
 
2
4
,
3
 
6
2
,
1
 
3
1
,
6
 
9
,
2
 
9
,
0
 
2
7
,
4
 
S
u
p
p
.
 
d
o
m
i
n
.
 
4
7
,
9
 
7
3
,
3
 
6
6
,
9
 
1
2
,
3
 
8
3
,
5
 
4
7
,
9
 
2
0
,
4
 
0
,
0
 
.
 
1
9
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
5
3
,
8
 
7
0
,
6
 
6
1
,
2
 
1
1
,
9
 
6
2
,
0
 
1
9
,
2
 
2
3
,
4
 
'
1
3
,
 
7
 
2
8
,
4
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
5
9
,
4
 
6
2
,
4
 
5
0
,
9
 
1
0
,
4
 
6
7
,
1
 
1
9
,
7
 
1
5
,
0
 
3
,
5
 
2
2
,
4
 
C
o
n
s
u
l
t
a
n
t
s
 
O
t
h
e
r
 
R
e
s
e
a
r
c
h
 
U
n
i
v
e
r
s
i
t
i
e
s
 
·
 
F
o
r
e
i
g
n
 
u
n
i
t
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
N
o
r
w
e
g
i
a
n
 
i
n
s
t
i
t
u
t
e
s
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
f
i
r
m
s
 
e
d
u
c
a
t
i
o
n
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
1
4
,
4
 
1
2
,
9
 
2
7
,
4
 
1
7
,
5
 
3
3
,
9
 
5
4
,
6
 
0
,
0
 
2
4
,
3
 
2
5
,
4
 
S
u
p
p
.
 
d
o
m
l
n
.
 
0
,
0
 
0
,
0
 
1
5
,
1
 
0
,
0
 
0
,
0
 
8
3
,
5
 
0
,
0
 
3
1
,
3
 
3
8
,
1
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
3
,
0
 
1
7
,
7
 
2
9
,
1
 
2
5
,
2
 
3
3
,
9
 
5
7
,
3
 
2
4
,
3
 
3
7
,
0
 
2
6
,
5
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
8
,
3
 
1
5
,
1
 
2
9
,
0
"
 
2
1
,
1
 
1
3
,
6
 
5
7
,
3
 
1
2
,
8
 
2
7
,
9
 
2
2
,
8
 
I
c
e
l
a
n
d
 
T
q
>
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
l
o
n
 
K
e
y
 
p
e
r
s
o
n
s
 
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
S
u
b
c
o
n
t
r
a
c
-
C
o
n
s
u
l
t
a
n
t
s
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
i
m
m
a
t
e
r
i
a
l
 
t
o
r
s
 
t
e
c
h
n
o
l
o
a
v
 
t
e
c
h
n
o
l
o
a
v
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
8
2
,
6
 
4
3
,
5
 
5
2
,
2
 
2
1
,
7
 
3
4
,
8
 
4
,
3
 
1
7
,
4
 
3
4
,
8
 
4
,
3
 
S
u
p
p
.
 
d
o
m
i
n
.
 
8
7
,
5
 
5
0
,
0
 
7
5
,
0
 
3
7
,
5
 
1
2
,
5
 
3
7
,
5
 
0
,
0
 
2
5
,
0
 
2
5
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
7
5
,
0
 
7
5
,
0
 
8
3
,
3
 
3
3
,
3
 
I
 
3
3
,
3
 
8
,
3
 
8
,
3
 
2
5
,
0
 
1
6
,
7
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
O
t
h
e
r
 
A
p
p
l
i
e
d
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
I
c
e
l
a
n
d
i
c
 
r
e
s
e
a
r
c
h
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
·
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
f
i
r
m
s
 
I
n
s
t
i
t
u
t
e
s
 
e
d
u
c
a
t
i
o
n
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
1
3
,
0
 
8
,
7
 
4
,
3
 
4
3
,
5
 
4
,
3
 
2
1
,
7
 
2
6
,
1
 
S
u
p
p
.
 
d
o
m
i
n
.
 
2
5
,
0
 
1
2
,
5
 
0
,
0
 
5
0
,
0
 
2
5
,
0
 
6
2
,
5
 
2
5
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
1
6
,
7
 
8
,
3
 
8
,
3
 
7
5
,
0
 
1
6
,
7
 
3
3
,
3
 
4
1
,
7
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 S
w
e
d
e
n
 
T
o
p
 
I
n
t
e
r
n
a
l
 
R
&
D
 
M
a
r
k
e
t
i
n
g
 
P
r
o
d
u
k
t
i
o
n
 
·
A
c
q
u
i
r
e
d
 
A
c
q
u
i
r
e
d
 
r
a
w
 
A
c
q
u
i
r
e
d
 
S
u
p
p
l
i
e
r
s
 
C
o
n
s
u
l
t
a
n
t
s
 
m
a
n
a
g
e
m
e
n
t
 
d
e
p
a
r
t
m
e
n
e
t
 
d
e
p
a
r
t
m
e
n
t
 
m
a
t
e
r
i
a
l
 
m
a
t
e
r
i
a
l
s
 
i
m
m
a
t
e
r
i
a
l
 
t
e
c
h
n
o
l
o
g
y
 
t
e
c
h
n
o
l
o
g
y
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
5
0
,
7
 
6
6
,
3
 
5
9
,
2
 
4
4
,
2
 
3
7
,
0
 
2
5
,
4
 
1
7
,
3
 
1
8
,
9
 
1
8
,
3
 
S
u
p
p
.
 
d
o
m
i
n
.
 
1
0
0
,
0
 
7
4
,
0
 
1
0
0
,
0
 
1
0
0
,
0
 
7
4
,
0
 
6
3
,
0
 
3
7
,
0
 
7
4
,
0
 
3
7
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
5
6
,
6
 
7
9
,
7
 
3
4
,
7
 
2
3
,
5
 
3
5
,
0
 
1
8
,
3
 
2
3
,
1
 
1
3
,
5
 
1
7
,
9
 
l
5
p
e
c
.
 
s
u
p
p
l
i
e
r
 
6
0
,
3
 
7
0
,
1
 
7
4
,
3
 
1
7
,
3
 
1
4
,
0
 
0
,
0
 
6
,
9
 
0
,
0
 
8
 
t
 
1
 
O
t
h
e
r
 
U
n
i
v
e
r
s
i
t
i
e
s
 
C
u
s
t
o
m
e
r
s
 
G
o
v
e
r
n
m
e
n
t
 
C
o
m
p
e
t
i
t
o
r
s
 
F
a
i
r
s
 
a
n
d
 
I
n
d
u
s
t
r
i
a
l
 
a
n
d
 
h
i
g
h
e
r
 
d
e
m
a
n
d
 
c
o
n
t
r
a
c
t
s
 
p
r
o
d
u
c
t
s
 
e
x
h
i
b
i
t
i
o
n
s
 
f
i
r
m
s
 
e
d
u
c
a
t
i
o
n
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
3
9
,
3
 
3
1
 
,
5
 
7
8
,
6
 
1
9
,
8
 
7
6
,
1
 
1
7
,
9
 
S
u
p
p
.
 
d
o
m
i
n
.
 
7
4
,
0
 
0
,
0
 
1
0
0
,
0
 
0
,
0
 
1
0
0
,
0
 
1
0
0
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
3
6
,
2
 
2
9
,
1
 
9
3
,
6
 
2
4
,
3
 
7
6
,
1
 
3
3
,
0
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
4
0
,
0
 
1
5
,
7
 
8
7
,
9
 
1
2
,
8
 
7
8
,
2
 
2
5
,
9
 A
n
n
e
x
 
S
a
 
F
a
c
t
o
r
s
 
h
a
m
p
e
r
i
n
g
 
i
n
n
o
v
a
t
i
o
n
.
 
%
 
o
f
 
f
i
r
m
s
 
r
a
t
i
n
g
 
a
 
f
a
c
t
o
r
 
a
s
 
i
m
p
o
r
t
a
n
t
 
D
e
n
m
a
r
k
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
L
a
c
k
 
o
f
 
I
n
s
u
f
f
i
c
i
e
n
t
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
c
a
p
i
t
a
l
 
i
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
c
h
a
n
g
e
 
c
o
o
p
e
r
a
t
i
o
n
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
p
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
u
n
i
v
e
r
s
i
t
i
e
s
 
e
t
c
.
 
S
m
a
l
l
 
5
6
,
6
 
4
7
,
7
 
3
1
,
7
 
5
0
,
9
 
4
4
,
7
 
2
9
,
3
 
2
5
,
7
 
1
3
,
2
 
M
e
d
i
u
m
 
5
4
,
9
 
1
8
,
2
 
2
1
,
4
 
1
8
,
9
 
2
7
,
8
 
1
7
,
6
 
8
,
3
 
7
,
2
 
L
a
r
g
e
 
8
1
 
,
1
 
1
6
,
1
 
1
5
,
2
 
1
7
'
 
1
 
3
3
,
3
 
6
'
 
1
 
0
,
0
 
3
,
3
 
T
o
t
a
l
 
5
8
,
8
 
3
5
,
9
 
2
5
,
8
 
3
4
,
8
 
3
7
,
7
 
2
1
,
9
 
1
6
,
5
 
9
,
8
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
C
O
P
Y
 
S
m
a
l
l
 
4
,
7
 
5
,
8
 
M
e
d
i
u
m
 
1
6
,
3
 
1
0
,
0
 
L
a
r
g
e
 
7
'
 
1
 
1
4
,
3
 
T
o
t
a
l
 
9
,
6
 
8
,
8
 
F
i
n
l
a
n
d
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
L
a
c
k
 
o
f
 
I
n
s
u
f
f
i
c
i
e
n
t
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
c
a
p
i
t
a
l
 
i
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
c
h
a
n
g
e
 
c
o
o
p
e
r
a
t
i
o
n
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
p
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
u
n
i
v
e
r
s
i
t
i
e
s
 
e
t
c
.
 
S
m
a
l
l
 
4
8
,
8
 
3
1
,
7
 
4
2
,
2
 
5
0
,
4
 
2
3
,
0
 
3
0
,
1
 
1
1
 
,
0
 
3
2
,
6
 
M
e
d
i
u
m
 
4
8
,
6
 
3
2
,
5
 
5
2
,
2
 
4
3
,
1
 
4
1
,
3
 
2
5
,
5
 
1
1
 
,
4
 
2
8
,
9
 
L
a
r
g
e
 
5
8
,
2
 
3
2
,
8
 
4
2
,
5
 
4
3
,
8
 
4
3
,
3
 
2
8
,
8
 
1
7
,
2
 
2
2
,
9
 
T
o
t
a
l
 
5
1
,
2
 
3
5
,
1
 
4
4
,
6
 
4
6
,
4
 
3
6
,
0
 
2
7
,
1
 
1
4
.
1
 
3
0
,
3
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
C
O
P
Y
 
S
m
a
l
l
 
3
6
,
7
 
2
0
,
3
 
M
e
d
i
u
m
 
3
2
,
8
 
2
2
,
0
 
L
a
r
g
e
 
2
5
,
8
 
3
4
,
0
 
T
o
t
a
l
 
3
3
,
9
 
2
3
,
3
 N
o
r
w
a
y
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
H
i
g
h
e
r
 
c
o
s
t
s
 
I
n
s
u
f
f
i
c
i
e
n
t
 
l
n
n
s
u
f
f
i
c
i
e
n
t
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
L
a
c
k
 
o
f
 
I
n
s
u
f
f
i
c
i
e
n
t
 
c
a
p
i
t
a
l
 
t
h
a
n
 
e
x
p
t
e
c
t
e
d
 
p
u
b
l
i
c
 
s
u
p
p
o
r
t
 
i
n
t
e
r
n
a
l
 
R
&
D
 
i
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
o
e
r
s
o
n
e
l
 
r
e
s
e
a
r
c
h
 
S
m
a
l
l
 
4
1
,
0
 
4
8
,
7
 
3
5
,
1
 
2
9
,
2
 
2
5
,
6
 
1
3
,
6
 
3
7
,
4
 
2
9
,
5
 
M
e
d
i
u
m
 
6
0
,
9
 
3
6
,
2
 
2
6
,
2
 
2
6
,
7
 
3
3
,
6
 
9
,
5
 
2
9
,
3
 
2
2
,
7
 
L
a
r
g
e
 
6
1
,
7
 
1
2
,
2
 
2
8
,
0
 
5
,
6
 
2
7
,
0
 
3
,
1
 
2
4
,
5
 
2
9
,
5
 
T
o
t
a
l
 
5
1
'
 
7
 
3
8
,
1
 
3
0
,
7
 
2
4
,
3
 
2
8
,
8
 
1
0
,
3
 
3
2
,
3
 
2
7
,
0
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
c
h
a
n
g
e
 
c
o
o
p
e
r
a
t
i
o
n
 
a
v
a
i
l
a
b
l
e
 
I
n
f
o
r
m
a
t
i
o
n
 
o
n
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
c
o
n
s
u
l
t
i
n
g
 
u
n
i
v
e
r
s
i
t
i
e
s
 
c
o
p
y
 
s
e
r
v
i
c
e
s
 
e
t
c
.
 
S
m
a
l
l
 
9
,
7
 
1
7
,
2
 
1
5
,
9
 
1
9
,
8
 
1
3
,
9
 
8
,
2
 
M
e
d
i
u
m
 
9
,
5
 
5
,
5
 
3
,
7
 
1
1
 
,
8
 
1
6
,
7
 
1
0
,
9
 
L
a
r
g
e
 
1
5
,
3
 
6
,
7
 
2
,
5
 
8
,
6
 
1
2
,
8
 
9
,
2
 
T
o
t
a
l
 
1
0
,
6
 
1
1
 
,
2
 
9
,
3
 
1
5
,
0
 
1
4
,
7
 
9
,
4
 
I
c
e
l
a
n
d
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
H
i
g
h
e
r
 
c
o
s
t
s
 
G
o
v
e
r
n
m
e
n
t
 
T
o
o
 
·
l
i
t
t
l
e
 
L
o
w
 
q
u
a
l
i
t
y
 
o
f
 
L
a
c
k
 
o
f
 
l
n
s
u
f
f
i
c
e
n
t
 
c
~
p
l
t
a
l
 
t
h
a
n
 
e
x
p
t
e
c
t
e
d
 
s
u
p
p
o
r
t
 
t
o
 
l
o
w
 
i
n
t
e
r
n
a
l
 
R
&
D
 
I
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
J
)
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
S
m
a
l
l
 
1
1
 
,
4
 
6
0
,
0
 
3
4
,
3
 
3
1
,
4
 
3
7
,
1
 
3
1
 
,
4
 
3
1
,
4
 
5
4
,
3
 
M
e
d
i
u
m
 
3
7
,
5
 
1
2
,
5
 
.
o
,
o
 
1
2
,
5
 
2
5
,
0
 
0
,
0
 
1
2
,
5
 
5
0
,
0
 
L
a
r
g
e
 
.
 
.
 
.
 
.
 
.
 
.
 
T
o
t
a
l
 
1
7
.
7
 
4
3
,
1
 
2
8
,
7
 
3
3
,
6
 
4
2
,
9
 
1
7
,
6
 
2
0
,
5
 
5
2
,
3
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
I
n
n
o
v
a
t
i
o
n
 
t
o
o
 
L
.
e
g
e
l
 
c
h
a
n
g
e
 
f
i
r
m
 
c
o
o
p
e
r
a
t
i
o
n
 
c
o
m
p
e
t
e
n
c
e
 
t
e
c
h
n
o
l
o
g
y
 
a
n
d
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
e
a
s
y
 
t
o
 
c
o
p
y
 
r
e
g
u
l
a
t
i
o
n
s
 
o
u
t
s
i
d
e
 
w
i
t
h
i
n
 
o
t
h
e
r
 
o
t
h
e
r
 
u
n
i
v
e
r
s
i
t
i
e
s
 
f
i
r
m
s
 
c
o
n
s
u
l
t
a
n
c
e
 
S
m
a
l
l
 
1
1
,
4
 
1
4
,
3
 
1
7
,
1
 
1
1
 
,
4
 
2
8
,
6
 
8
,
6
 
1
4
,
3
 
M
e
d
i
u
m
 
1
2
,
5
 
1
2
,
5
 
0
,
0
 
0
,
0
 
2
5
,
0
 
1
2
,
5
 
3
7
,
5
 
L
a
r
g
e
 
.
 
.
 
.
 
.
 
.
 
T
o
t
a
l
 
5
,
9
 
2
1
 
,
5
 
8
,
2
 
5
,
8
 
1
9
 
1
8
,
5
 
1
0
,
8
 S
w
e
d
e
n
 
L
D
w
 
e
x
p
e
c
t
e
d
 
L
a
c
k
 
o
f
 
r
i
s
k
 
H
i
g
h
e
r
 
c
o
s
t
s
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
S
h
o
r
t
a
g
e
 
o
f
 
S
h
o
r
t
a
g
e
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
i
n
f
o
r
-
r
e
t
u
r
n
s
 
c
a
p
i
t
a
l
 
t
h
a
n
 
e
x
p
e
c
t
e
d
 
I
n
t
e
r
n
a
l
 
R
&
D
 
r
s
s
e
a
r
c
h
e
r
s
 
o
t
h
e
r
 
p
e
r
s
o
n
a
l
 
c
o
o
p
e
r
a
t
i
o
n
-
m
a
t
i
o
n
 
o
n
 
n
e
w
 
o
o
s
s
i
b
i
l
i
t
i
e
s
 
t
e
c
h
n
o
l
o
g
y
 
S
m
a
l
l
 
5
7
,
1
 
6
6
,
7
 
4
2
,
9
 
2
3
,
8
 
2
8
,
6
 
4
2
,
9
 
1
9
,
0
 
1
4
,
2
 
M
e
d
i
u
m
 
4
4
,
2
 
1
4
,
0
 
4
1
,
9
 
2
7
,
9
 
2
7
,
9
 
3
0
,
2
 
9
,
3
 
1
4
,
0
 
L
a
r
g
e
 
4
4
,
4
 
5
,
6
 
2
2
,
2
 
2
7
,
8
 
2
5
,
0
 
3
0
,
6
 
8
,
3
 
8
,
3
 
i
r
o
t
a
l
 
4
6
,
8
 
2
2
,
4
 
3
7
,
6
 
2
7
'
 
1
 
2
7
,
4
 
3
2
,
8
 
1
1
 
,
0
 
1
3
,
0
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
c
o
p
y
 
S
m
a
l
l
 
3
3
,
3
 
6
6
,
7
 
M
e
d
i
u
m
 
2
3
,
2
 
1
4
,
0
 
L
a
r
g
e
 
8
,
3
 
5
,
6
 
T
o
t
a
l
 
2
1
,
9
 
2
2
,
4
 A
n
n
e
x
 
5
b
 
F
a
c
t
o
r
s
 
h
a
m
p
e
r
i
n
g
 
i
n
n
o
v
a
t
i
o
n
 
d
i
s
t
r
i
b
u
t
e
d
 
o
n
 
s
e
c
t
o
r
s
.
 
%
 
o
f
 
f
i
r
m
s
 
r
a
t
i
n
g
 
a
 
f
a
c
t
o
r
 
a
s
 
i
m
p
o
r
t
a
n
t
 
D
e
n
m
a
r
k
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
L
a
c
k
 
o
f
 
I
n
s
u
f
f
i
c
i
e
n
t
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
c
a
p
i
t
a
l
 
i
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
c
h
a
n
g
e
 
c
o
o
p
e
r
a
t
i
o
n
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
p
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
u
n
i
v
e
r
s
i
t
i
e
s
 
e
t
c
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
5
9
,
9
 
2
3
,
7
 
2
3
,
6
 
2
0
,
8
 
3
1
,
5
 
1
3
,
4
 
3
,
7
 
7
,
1
 
S
u
p
p
.
 
d
o
m
l
n
.
 
5
1
,
3
 
0
,
0
 
6
,
4
 
1
2
,
1
 
1
9
,
2
 
6
,
3
 
6
,
9
 
7
,
7
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
7
0
,
8
 
2
2
,
2
 
2
1
,
0
 
5
3
,
9
 
5
2
,
9
 
3
4
,
8
 
3
2
,
3
 
2
1
 
,
0
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
5
1
,
0
 
5
6
,
2
 
3
6
,
3
 
2
8
,
9
 
3
3
,
5
 
1
7
,
2
 
1
0
,
6
 
2
,
8
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
-
~
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
1
7
,
4
 
5
,
6
 
S
u
p
p
.
 
d
o
m
l
n
.
 
1
6
,
7
 
7
,
9
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
3
,
8
 
1
9
,
6
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
8
,
0
 
5
,
2
 
F
i
n
l
a
n
d
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
L
a
c
k
 
o
f
 
I
n
s
u
f
f
i
c
i
e
n
t
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
c
a
p
i
t
a
l
 
i
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
c
h
a
n
g
e
 
c
o
o
p
e
r
a
t
i
o
n
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
p
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
u
n
i
v
e
r
s
i
t
i
e
s
 
e
t
c
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
5
1
,
4
 
3
4
,
7
 
4
5
,
4
 
4
1
 
'
7
 
3
1
,
6
 
2
6
,
8
 
1
1
 
'
1
 
2
2
,
1
 
S
u
p
p
.
 
d
o
m
i
n
.
 
2
7
,
9
 
3
2
,
2
 
-
5
7
,
5
 
3
8
,
3
 
4
8
,
2
 
3
6
,
5
 
7
,
2
 
4
6
,
4
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
6
1
,
0
 
3
7
,
5
 
4
8
,
8
 
6
8
,
3
 
2
5
,
4
 
3
4
,
4
 
5
,
4
 
3
6
,
5
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
5
8
,
8
 
3
6
,
4
 
3
5
,
6
 
5
0
,
8
 
4
1
 
,
9
 
2
0
,
3
 
6
,
3
 
3
5
,
6
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
C
O
P
Y
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
4
0
,
0
 
3
0
,
6
 
S
u
p
p
.
 
d
o
m
i
n
.
 
4
6
,
7
 
2
,
1
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
9
,
6
 
3
3
,
4
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
2
5
,
1
 
1
1
 
,
,
6
 
·
·
-.
.
 
,
,
 
-
•
 
N
 
o
r
w
a
y
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
,
 
H
i
g
h
e
r
 
c
o
s
t
s
 
I
n
s
u
f
f
i
c
i
e
n
t
 
l
n
n
s
u
f
f
i
c
i
e
n
t
 
L
o
w
 
q
u
a
l
i
t
y
 
o
n
 
L
a
c
k
 
o
f
 
I
n
s
u
f
f
i
c
i
e
n
t
 
c
a
p
i
t
a
l
 
t
h
a
n
 
e
x
p
t
e
c
t
e
d
 
p
u
b
l
i
c
 
s
u
p
p
o
r
t
 
I
n
t
e
r
n
a
l
 
R
&
D
 
I
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
p
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
5
6
,
1
 
2
9
,
1
 
2
2
,
7
 
1
8
,
6
 
4
2
,
4
 
1
6
,
6
 
3
7
,
5
 
3
0
,
5
 
S
u
p
p
.
 
d
o
m
i
n
.
 
6
0
,
3
 
5
2
,
2
 
5
7
,
3
 
5
7
,
3
 
3
5
,
6
 
2
3
,
5
 
5
0
,
4
 
5
9
,
1
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
4
7
,
9
 
4
0
,
4
 
3
9
,
1
 
2
8
,
2
 
2
3
,
0
 
3
,
3
 
3
0
,
1
 
'
2
9
,
5
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
6
5
,
6
 
5
7
,
5
 
3
4
,
6
 
3
4
,
5
 
2
5
,
4
 
1
4
,
3
 
3
5
,
0
 
1
7
,
2
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
a
l
 
d
l
a
n
g
e
 
c
o
o
p
e
r
a
t
i
o
n
 
a
v
a
i
l
a
b
l
e
 
I
n
f
o
r
m
a
t
i
o
n
 
o
n
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
c
o
n
s
u
l
t
i
n
g
 
u
n
i
v
e
r
s
i
t
i
e
s
 
c
o
p
y
 
s
e
r
v
i
c
e
s
 
e
t
c
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
1
5
,
3
 
1
9
,
1
 
1
4
,
3
 
2
4
,
0
 
2
2
,
2
 
1
5
,
0
 
S
u
p
p
.
 
d
o
m
i
n
.
 
0
,
0
 
3
5
,
6
 
1
9
,
0
 
1
9
,
0
 
3
7
,
5
 
2
2
,
6
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
8
,
2
 
5
,
8
 
3
,
2
 
1
0
,
1
 
1
2
,
0
 
9
,
4
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
9
,
6
 
6
,
4
 
1
2
,
3
 
1
2
,
0
 
1
0
,
9
 
4
,
7
 
I
c
e
l
a
n
d
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
H
i
g
h
e
r
 
c
o
s
t
s
 
G
o
v
e
r
n
m
e
n
t
 
T
o
o
 
l
i
t
t
l
e
 
L
o
w
 
q
u
a
l
i
t
y
 
o
f
 
L
a
c
k
 
o
f
 
l
n
s
u
f
f
i
c
e
n
t
 
c
a
p
i
t
a
l
 
t
h
a
n
 
e
x
p
t
e
c
t
e
d
 
s
u
p
p
o
r
t
 
t
o
 
l
o
w
 
i
n
t
e
r
n
a
l
 
R
&
D
 
i
n
t
e
r
n
a
l
 
R
&
D
 
q
u
a
l
i
f
i
e
d
 
m
a
r
k
e
t
 
p
e
r
s
o
n
a
l
 
r
e
s
e
a
r
c
h
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
2
6
,
1
 
4
3
,
5
 
1
3
,
0
 
2
6
,
1
 
3
4
,
8
'
 
2
6
,
1
 
2
6
,
1
 
4
3
,
5
 
S
u
p
p
.
 
d
o
m
i
n
.
 
1
2
,
5
 
3
7
,
5
 
1
2
,
5
 
0
,
0
 
5
0
,
0
 
1
2
,
5
 
3
7
,
5
 
6
2
,
5
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
0
,
0
 
7
5
,
0
 
6
6
,
7
 
5
0
,
0
 
2
5
,
0
 
3
3
,
3
 
2
5
,
0
 
6
6
,
7
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
O
p
p
o
s
i
t
i
o
n
 
t
o
 
L
a
k
e
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
I
n
n
o
v
a
t
i
o
n
 
t
o
o
 
.
 
L
e
g
e
l
 
c
h
a
n
g
e
 
f
i
r
m
 
c
o
o
p
e
r
a
t
i
o
n
 
o
o
m
p
e
t
e
n
c
e
 
t
e
c
h
n
o
l
o
g
y
 
a
n
d
 
I
n
f
o
r
m
a
t
i
o
n
 
o
n
 
e
a
s
y
 
t
o
 
c
o
p
y
 
r
e
g
u
l
a
t
i
o
n
s
 
o
u
t
s
i
d
e
 
w
i
t
h
i
n
 
o
t
h
e
r
 
o
t
h
e
r
 
u
n
i
v
e
r
s
i
t
i
e
s
 
f
i
r
m
s
 
c
o
n
s
u
l
t
a
n
c
e
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
1
7
,
4
 
8
,
7
 
1
3
,
0
 
8
,
7
 
3
0
,
4
 
8
,
7
 
2
1
,
7
 
S
u
p
p
.
 
d
o
m
i
n
.
 
0
,
0
 
1
2
,
5
 
0
,
0
 
1
2
,
5
 
1
2
,
5
 
2
5
,
0
 
1
2
,
5
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
8
,
3
 
2
5
,
0
 
2
5
,
0
 
8
,
3
 
3
3
,
3
 
0
,
0
 
1
6
,
7
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 S
w
e
d
e
n
 
E
x
c
e
s
s
i
v
e
 
r
i
s
k
 
L
a
c
k
 
o
f
 
r
i
s
k
 
H
i
g
h
e
r
 
c
o
s
t
s
 
L
o
w
 
q
u
a
l
i
t
y
 
o
f
 
S
h
o
r
t
a
g
e
 
o
f
 
S
h
o
r
t
a
g
e
 
o
f
 
L
a
c
k
 
o
f
 
L
a
c
k
 
o
f
 
i
n
f
o
r
-
c
a
p
i
t
a
l
 
t
h
a
n
 
e
x
p
t
e
c
t
e
d
 
I
n
t
e
r
n
a
l
 
R
&
D
 
r
e
s
e
a
r
c
h
e
r
s
 
o
t
h
e
r
 
c
o
o
p
e
r
a
t
i
o
n
 
m
a
t
i
o
n
 
o
n
 
n
e
w
 
p
e
r
s
o
n
n
e
l
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
t
e
c
h
n
o
l
o
g
y
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
4
4
,
8
 
1
7
,
1
 
4
1
,
6
 
3
2
,
5
 
3
3
,
8
 
2
9
,
6
 
9
 
'
1
 
1
4
,
1
 
S
u
p
p
.
 
d
o
m
i
n
.
 
3
7
,
0
 
6
-
3
,
0
 
7
4
,
0
 
3
7
,
0
 
3
7
,
0
 
3
7
,
0
 
3
7
,
0
 
3
7
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
5
7
,
4
 
3
3
,
8
 
4
9
,
0
 
2
4
,
7
 
3
1
,
5
 
4
1
,
4
 
6
,
7
 
1
6
,
7
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
4
7
,
3
 
1
9
,
4
 
2
4
,
5
 
2
2
,
5
 
1
7
,
8
 
3
3
,
4
 
1
3
,
8
 
6
,
9
 
I
n
n
o
v
a
t
i
o
n
s
 
L
e
g
e
 
I
 
t
o
o
 
e
a
s
y
 
t
o
 
r
e
g
u
l
a
t
i
o
n
s
 
C
O
D
Y
 
S
c
a
l
e
 
i
n
t
e
n
s
.
 
2
5
,
4
 
3
0
,
5
 
S
u
p
p
.
 
d
o
m
i
n
.
 
6
3
,
0
 
0
,
0
 
S
c
i
e
n
c
e
 
b
a
s
e
d
 
2
3
,
1
 
3
8
,
2
 
S
p
e
c
.
 
s
u
p
p
l
i
e
r
 
1
3
,
8
 
5
,
9
 